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INTRODUCTION 

This notebook is intended to be a working tool that provides a readily available 
compilation of current FHWA policy and guidance on pavements. Users are 
encouraged to add material as they see fit. 

The notebook is composed of: 

Reference to appropriate Federal-aid Highway Program 
Manual directives; 

Other issuances, such as Technical Advisories and Notices which present 
short-term instructions or interim policy; 

FHWA memorandums clarwing policy or providing 
technical guidance; 

Discussions reflecting current state-of-the-art or 
philosophy; 

Material on developmental and research areas related to 
pavements. 

The material is arranged by subject into chapters and sections. The Table of Contents 
shows current date for each document. 

Any comments, suggested additions, or revisions to the notebook should be directed to 
the Federal Highway Administration, Attn: Mr. Peter J. Serrano, Pavement Division, 
HNG-46, 400 Seventh St., S.W., Washington, D.C.; Telephone number 202.366.1341 
or email at Peter.. J. Serrano@fhwa. dot. gov. 





Enclosed is the second revision to the Pavement Notebook For FHWA Engineers. Please 
make the changes contained in the attachment. Submit the attached form on the following 
page so that we can include your name and address on our mailing list. For further 
information or additional copies of the notebook contact Mr. Peter J. Serrano at 
202.366.1 341 or Peter. J. Serrano@fiwe. dot.gov. 





Refcr to: HNG-40 
Chief, Pavement Division 
Federal Highway Administration 
400 Seventh Street, SW., Room 3118 
Washington, D.C. 20590-0001 

Attn: Mr. Peter J. Serrano, P.E. 

Dear Sir: 

I have received a copy of the Pavement Notebook for FHWA 
Engineers and would like to be on your distribution list for 
future updates and/or additions to the notebook. 

Request for additional copies should be addressed to: 

Federal Highway Administration 
Pavement Division - Attn: Mr. Peter J. Serrano, P.E. 
Pavement Design and Rehabilitation Branch (HNG-42) 
400 Seventh Street, S.W. 
Washington, D.C 20590 

Please mail or fax the form below. 

Name : 

Title: 

Agency : 

Address: 

Telephone 

Federal Highway Adminimtration - Pavement Division 
Attnt Mr. Peter J .  Serrano, P.E. (HNC-42); 
Fax numbor t 202.366.3713 
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CHAPTER 1 

PAVEMENT POLICY 

1.1 Pavement Design and Management Requirements 
Pavement Management System, 23 CFR 500, Subpart B, April 22,1994. 

- 500.201, Purpose 
- 500.203, PMS definition 
- 500.205, PMS general requirements 
- 500.207, PMS components 
- 500.209, PMS compliance scheduling 

Non-Regulatory Supplement, October 05, 1995. 
- 500.205, General Pavement Design Considerations 

1.2 ISTEA Pavement Management Systems 
Action: ISTEA Pavement Management Systems, November 4,1994 

- Technical Guidance 

1.3 Cost Comparison of Asphalt versus Concrete Pavement, OIG Final 
Report, July 26,1994. 

1.4 Proposed Final Interstate Maintance Fund 
Transfer Policy, September 2 1,1994). 

Transfer of Interstate Maintance Program Funds, Proposed Final Policy 
Statement, Federal Register, September 02,1994). 
Transfer of Interstate Maintanee Program Funds, Interim Policy 
Statement, Federal Register, March 03,1993). 





[FEDERAL-AID POLICY GUIDE 
April 22, 1994, Transmittal 10 23 CFR 500B] 

SUBCHAPTER F - TRANSPORTATION INFRASTRUCTURE 
PART 500 - MANAGEMENT AND MONITORING SYSTEMS 
Subpart B - Pavement Management System 
Sec. 
500.201 Purpose. 
500.203 PMS definitions. 
500.205 PMS general requirements. 
500.207 PMS components. 
500.209 PMS compliance schedule. 

OPI: HNG-41 

MANAGEMENT 

Authority: 23 U.S.C. 134, 135, 303 and 315; 
1607 ; 
23 CFR 1.32; and 49 CFR 1.48 and 1.51. 

Source: 58 FR 63475, Dec. 1, 1993 [Effective 

Sec. 500.201 Purpose. 

49 U.S.C. app. 

Jan. 3, 19941 

The purpose of this subpart is to set forth requirements for 
development, establishment, implementation, and continued 
operation of a pavement management system (PMS) for 
Federal-aid highways in each State in accordance with the 
provisions of 23 U.S.C. 303 and subpart A of this part. 

Sec. 500.203 PMS definitions. 

Unless otherwise specified in this part, the definitions in 
23 U.S.C. 101(a) and Sec. 500.103 are applicable to this 
subpart. As used in this part: 

Pavement design means a #project level activity where 
detailed engineering and economic considerations are given to 
alternative combinations of subbase, base, and surface 
materials which will provide adequate load carrying capacity. 
Factors which are considered include: materials, traffic, 
climate, maintenance, drainage, and life-cycle costs. 

Pavement management system (PMS) means a systematic process 
that provides, analyzes, and summarizes pavement information 
for use in selecting and implementing cost-effective pavement 
construction, rehabilitation, and maintenance programs. 

Sec. 500.205 PMS general requirements. 

(a) Each State shall have a PMS for Federal-aid highways 
that meets the requirements of Sec. 500.207 of this subpart. 



(b) The State is responsible for assuring that all 
Federal-aid highways in the State, except those that are 
federally owned, are covered by a PMS. Coverage of federally 
owned public roads shall be determined cooperatively by the 
State, the FHWA, and the agencies that own the roads. 

(c) PMSs should be based on the concepts described in the 
"AASHTO Guidelines for Pavement Management Systems.I1 [AASHTO 
Guidelines for Pavement Management Systems, July 1990, 
can be purchased from the American Association of State 
Highway and Transportation Officials, 444 N. Capitol Street, 
NW., suite 225, Washington, DC 20001. Available for inspection 
as prescribed in 49 CFR part 7, appendix D.] 

(d) Pavements shall be designed to accommodate current and 
predicted traffic needs in a safe, durable, and cost-effective 
manner. 

Sec. 500.207 PMS components. 

(a) The PMS for the National Highway System (NHS) shall, as 
a minimum, consist of the following components: 

(1) Data collection and management. 

(i) An inventory of physical pavement features including the 
number of lanes, length, width, surface type, functional 
classification, and shoulder information. 

(ii) A history of project dates and types of construction, 
reconstruction, rehabilitation, and preventive maintenance. 

(iii) Condition surveys that include ride, distress, 
rutting, and surface friction. 

(iv) Traffic information including volumes, classification, 
and load data. 

(v) A data base that links all data files related to the 
PMS. The data base shall be the source of pavement related 
information reported to the FHWA for the HPMS in accordance 
with the HPMS Field Manual. [Highway Performance Monitoring 
System (HPMS) Field Manual for the Continuing Analytical and 
statistical Data Base, DOT/FHWA, August 30, 1993, (FHWA Order 
M5600.1B). ~vailable for inspection and copying as prescribed 
in 49 CFR part 7, appendix D.] 



(2) Analyses, at a frequency established by the State 
consistent with its PMS objectives. 

(i) A pavement condition analysis that includes r i d e ,  
distress, rutting, and surface friction. 

(ii) A pavement performance analysis that includes an 
estimate of present and predicted performance of specific 
pavement types and an estimate of the remaining service life 
of all pavements on the network. 

(iii) An investment analysis that includes: 

(A) A network-level analysis that estimates total costs for 
present and projected conditions across the network. 

(B) A project level analysis that determines investment 
strategies including a prioritized list of recommended 
candidate projects with recommended preservation treatments 
that span single-year and multi-year periods using life-cycle 
cost analysis. 

(C) Appropriate horizons, as determined by the State, for 
these investment analyses. 

(iv) For appropriate sections, an engineering analysis that 
includes evaluation of design, construction, rehabilitation, 
materials, mix designs, and preventive maintenance as they 
relate to the performance of pavements. 

(3) Update. The PMS shall be evaluated annually, based on 
the agency's current policies, engineering criteria, 
practices, and experience, and updated as necessary. 

(b) The PMS for Federal-aid highways that are not on the NHS 
shall be modeled on the components described in paragraph (a) 
of this section, but may be tailored to meet State and local 
needs. These components shall incorporate the use of the 
international roughness index or the pavement serviceability 
rating data as specified in Chapter IV of the HPMS Field 
Manual. 

Sec. 500.209 PMS compliance schedule. 

(a) By October 1, 1994, the State shall develop a work plan 
that identifies major activities and responsibilities and 
includes a schedule that demonstrates full operation and use 
of the PMS on the NHS by October 1, 1995, and on non-NHS 
Federal-aid highways by October 1, 1997. 



(b) By October 1, 1995: 

(1) The PMS for the NHS shall be fully operational and shall 
provide projects and programs for consideration in developing 
metropolitan and statewide transportation plans and 
improvement programs; and 

(2) PMS design for non-NHS Federal-aid highways shall be 
completed or underway in accordance with the State's work 
plan. 

(c) By October 1, 1997, the PMS for non-NHS Federal-aid 
highways shall be fully operational and shall provide projects 
and programs for consideration in developing metropolitan and 
statewide transportation plans and improvement programs. 
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FEDERAL-AID POLICY GUIDE 
October 5, 1995, Transmittal 14 NS 23 CFR 500 

NON-REGULATORY SUPPLEMENT 

OPI: HNG-42 

GENE= PAVEMENT DESIGN CONSIDERATIONS 
(23 CFR 500.205 (dl 

Title 23 CFR 500.205(d) establishes the following 
requirement: "Pavements shall be designed to 
accommodate current and predicted t ra f f ic  needs in 
a safe, durable, and cost -effective manner. " The 
regulations do not specify the procedures to be 
followed to meet this requirement. Rather each 
State Highway Agency (SHA) is expected to use a 
design procedure which is appropriate for their 
conditions. The SHA may use the design procedures 
outlined in the AASHTO Guide for Design of 
Pavement Structures or they may use other pavement 
design procedures that, based on past performance 
or research, are expected to produce satisfactory 
pavement designs. 

FHWA Evaluation of Pavement Desicrn Procedures 

Consistent with FHWA's Operational 
Philosophy on process review/product 
evaluation (PR/PE) attached to Executive 
Director Carlsonls November 12, 1991 
memorandum, the FHWA field offices will 
conduct periodic reviews of the SHAfs 
pavement design process. As part of the 
review, FHWA field offices will sample a 
sufficient number of projects to 
determine that the pavement design 
process is being followed and the 
process provides reasonable engineering 
results. If the reviews show that the 
SHAs have and are following an 
acceptable pavement design process, 
routine pavement design reviews of 
individual projects will not be 
required. 

( 2 )    he FHWA encourages the development of 
mechanistic pavement design procedures. 
To promote consistency in application of 
mechanistic related design procedures, 



FEGEIIAL-AID POLICY GUIDE 
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the Pavement Division will participate 
with the Region and Division offices in 
reviewing and discussing these 
procedures with the State during their 
development. 

Factors to Consider in Pavement Desian. 

Highway agencies should pay particular 
attention to the following items in designing 
gavements. 

Traffic. Pavement designers should work 
closely with the SHA component 
responsible for the development of the 
Traffic Monitoring System for Highways 
(TMS/i?) required under 2 3  CFR 500.801. 
The TMS/H should reflect the accuracy of 
traffic volume, classification, and 
truck weight data required for pavement 
design. 

Accurate cumulative load (normally 
expressed as 18 kip equivalent 
single axle loads or ESALs) 
estimates are extremely important 
to structural pavement design. 
Load estimates should be based on 
representative current vehicle 
classification and truck weight 
data and anticipated growth in 
heavy truck volumes and weights. 
Representative current traffic data 
should be obtained using 
statistically valid procedures for 
obtaining count, classification, 
and weisht data based on the 
concepts described in the FHWA 
"Traffic Xonitoring Guideu and the 
"AASHTO Guidelines for Traffic Data 
Programs. It 

Accurate vehicle classification 
data on the nxmber and types of 
trucks is essextial to estimating 
cumulative loads during the design 
period and shou;d be given special 
emphasis. Weighz information 
should be obtained using weigh-in- 
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motion (WIM) equipment since this 
data is more representative than 
data obtained using static 
enforcement scales which are 
plagued with avoidance problems. 
States should continue to automate 
their monitoring program through 
installation of strategically 
placed automatic vehicle 
classification and WIM systems as 
soon as possible to improve the 
current base traffic data used to 
forecast future truck volumes and 
loads. 

(c) The SHA1s forecasts of future 
loadings should, as a minimum, be 
based on two truck classes: trucks 
up to 4-axle combination and trucks 
with 5-axles or more. Changes in 
load factors should also be 
monitored and forecasted. The 
forecasting procedures should 
consider past trends and future 
economic activity in the area. A 
traffic data collection and 
forecasting program that identifies 
the most important truck types and 
the changes in numbers and weights 
of these truck types during the 
design period should provide 
realistic load estimates. 

(2) Roadbed Soils. Both the 1986 and 1993 
versions of the "AASHTO Guide For Design 
of Pavement StructuresI1 require the use 
of the Resilient Modulus (MR) (a measure 
of the elastic property of soils) in 
lieu of soil support value as the basic 
materials value to characterize roadbed 
soils for flexible pavements. The 
AASHTO Guide strongly recommends that 
SHAs acquire the necessary equipment to 
measure MR. SHAs who use MR values 
converted from CBR and R-value should 
conduct correlation studies using a 
range of soil types, saturation levels, 
and densities to determine realistic 
input values. For rigid pavements, the 
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use of a k-value is required. NCHRP 
Report 372, Sumort Under Portland 
Cement Concrete Pavements, provides 
improved guidance on selecting 
appropriate values for this factor. 
Froper roadbed soil support is needed 
for longer pavement service lives and 
more cost-effective pavement design. 

Drainaqe 

(a) Drainage is one of the more 
imporcant factors in pavement 
design, yet inadequate subsurface 
drainage ccntinues to be a 
significant cause of pavement 
distress, particularly in portland 
cement concrete pavements. During 
the last 10 years significant 
strides have been made in the 
development of positive drainage 
systems for new and reconstructed 
pavements. There have also been 
major developments in products and 
materials which can be used for 
retrofit longitudinal edgedrains. 

(b) The developments in permeable base 
technology and longitudinal 
edgedrains make positive pavement 
drainage possible and affordable. 
Accordingly, pavement design 
procedures need to consider the 
effects of moisture on the 
performance of the pavement. Where 
the drainage analysis or past 
performance indicates the potential 
for reduced service life due to 
saturated structural layers or 
pumping, the design needs to 
include positive measures to 
minimize that potential. 

Shoulder Structure 

(a) Recent studies demonstrate that 
full structural shoulders improve 
both mainline pavement and shoulder 
performance. Research results have 
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shown that widening the right 
pavement lane and placing the edge 
stripe 0.5 m from the outside 
pavement edge significantly 
improves pavement performance. 

(b) The SHAs are encouraged to use 
paved shoulders where conditions 
warrant. Shoulders should be 
structurally capable of 
withstanding wheel loadings from 
encroaching truck traffic. On 
urban freeways or expressways, 
strong consideration should be 
given to constructing the shoulder 
to the same structural, section as 
the mainline pavement. This will 
allow the shoulder to be used as a 
temporary detour lane during future 
rehabilitation or reconstruction. 

(c) On new and reconstructed pavement 
projects, the SHAs are encouraged 
to investigate the advantage of 
specifying that the shoulder be 
constructed of the same materials 
as the mainline, particularly on 
high-volume roadways. Constructing 
shoulders of the same materials as 
the mainline facilitates 
construction, reduces maintenance 
costs, improves mainline pavement - 

performance, and provides 
additional flexibility for future 
rehabilitation. 

Enaineerina and Economic Analvsis. 

The design of both new and rehabilitated 
pavements should include an engineering 
and economic evaluation of alternative 
strategies and materials. The project 
specific analysis should be evaluated in 
light of the needs of the entire system. 
Appendix B of the 1993 ttAASHTO Guide for 
Design of Pavement StructuresItt and the 
THWA Pavement Rehabilitation Manual," 
provide guidance on engineering 
considerations. The Engineering 
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evaluation should include consideration 
of the use of recycled materials or 
pavement recycling techniques where 
feasible. Economic considerations 
include an economic analysis based on 
Life Cycle Costs (LCC). The FHWA 
interim policy statement on LCC analysis 
published in the July 11, 1994 Federal 
Reaister provides guidance on LCC 
Analysis. 

(a) Pavements are long term puklic 
investments and all the coszs (both 
agency and user) that occur 
throughout their lives should be 
considered. LCCA identifies the 
long term economic efficiency of 
competing pavement designs. 
However, the resulting numbers 
themselves are less important than 
the logical analysis framework 
fostered by LCCA in which the 
consequences of competing 
alternatives are evaluated. 
When performing LCCA for pavement 
design, the variability of input 
parameters needs to be considered. 
The results of LCCA should be 
evaluated to determine whether 
differences in costs between 
competing alternatives are 
statistically significant. This 
evaluation is particularly 
important when the LCC analysis 
reflects relatively small economic 
differences between alternatives. 

(b) The FHWA's policy on alternate 
bids, which would include bids for 
alternate pavement types, is 
addressed in 23 CFR 635.411(b). 
This section requires the use of 
alternate bid items "When . . .  more 
than one... product . . .  will fulfill 
the requirements . . .  and these . . .  
products are judged . . .  equally 
acceptable on the basis of 
engineering analysis and the 
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anticipated prices . . .  are estiwted 
to be approximately the same. 

(1) The FHWA does not encourage the use of 
alternate bids to determine the mainline 
pavement type, primarily due to the 
difficulties in developing truly 
equivalent pavement designs. 

In those rare instances where the use of 
alternate bids is considered, the SHA's 
engineering and economic analysis of the 
pavement type selection process should 
clearly demonstrate that there is no 
clear cut choice between two or more 
alternatives having equivalent designs. 
Equivalent design implies that each 
alternative will be designed to perform 
equally over the same performance period 
and have similar life-cycle costs. 

Rehabilitation Pavement Desiqn. It is 
essential that rehabilitation projects be 
properly engineered to achieve the best 
return possible for the money expended. When 
an existing pavement structure is sound and 
the cost to restore serviceability is minor 
when compared to the cost of a new pavement 
structure or major rehabilitation, an 
engineering and economic analysis of 
alternative actions may not be necessary. In 
general, for all major rehabilitation 
projects, each of the following steps should 
be followed to properly analyze and design 
the project. 

( 1) Proi ect Evaluation 

(a) Obtain the necessary information to 
evaluate the performance and 
establish the condition of the in- 
place pavement with regard to 
traffic loading, environmental 
conditions, material strength, and 
quality. Historical pavement 
condition data, obtained from the 
Pavement Management System (PMS) , 
can provide good initial 
information. 
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(b) Identify the types of pavement 
distresses and the factors causing 
the distresses before developing 
appropriate rehabilitation 
alternatives. The tools necessary 
to analyze pavement failures, such 
as coring, boring, trenching, and 
deflection measurements, are well 
known, and need to be employed more 
of ten. 

(c) Evaluate the array of feasible 
alternatives in terms of how well 
they address the causes of the 
deterioration, repair the existing 
distress, and prevent the premature 
reoccurrence of the distress. 

Proiect Analysis 

(a) Perform an engineering and economic 
analysis of candidate strategies. 
The engineering analysis should 
consider the traffic loads, 
climate, materials, construction 
practices, and expected 
performance. The economic analysis 
should be based on life cycle cost- 
and consider service life, initial 
cost, maintenance costs, user 
costs, and future rehabilitation 
requirements, including maintenance 
of traffic. 

(b) Select the rehabilitation 
alternative which best satisfies 
the needs of a particular project 
considering economics, budget 
constraints, traffic service, 
climate, and engineering judgment. 

Proiect Oesisn 

(a) Conduct sufficient testing, both 
destructive and non-destructive, to 
verify the assumptions made during 
the alternative evaluation phase. 
The SHAs should consider a new 
distress survey if the original 
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candieion survey was sample based 
or if the survey is not current in 
terms of the time the project is 
scheduled to go to contract. 

Consider and address all factors 
causing the distress in addition to 
the surface indicators in the final 
design. Such factors as structural 
capacity, subgrade support, surface 
and subsurface arainage 
characteristics need to be 
considered and provided for in the 
final design. 

Once a rehabilitation alternative 
is selected, design the project 
using appropriate engineering 
techniques. A number of 
publications are available to guide 
the selection of these engineering 
techniques. The FHWA's wPavernent 
Rehabilitation Manual," and 
training course "Techniques for 
Pavement Rehabilitation" provide 
excellent guidelines. There are 
also a number of excellent guides 
available from the asphalt and 
concrete industries. 

Project Im~lementation 

(a) Document the intent of the design 
in the project plans and 
specifications to provide both the 
contractor and the construction 
engineering personnel a clear and 
concise project proposal. In 
addition, maintain adequate 
communication between the design 
and construction engineers. This 
will reinforce the intent of the 
design and provide feedback on 
project constructability and 
performance to aid timely 
evaluation of the selected 
rehabilitation alternative. 
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( b )  The performance information should 
also be included as a part of the 
SHA's PMS. The lack of good 
performance data on pavement 
rehabilitation techniques is one of 
the weaker points in the 
rehabilitation process. Increased 
emphasis should be placed on 
developing basic performance and 
maintenance cost data on 
rehabilitation techniques where 
performance data is not presently 
available. 

SAFETY (23 CFR 500.205d) 

The SHAs should provide skid resistant 
surfaces on all projects, regardless of 
funding source. New pavement surfaces 
constructed with Federal funds must have skid 
resistant properties suitable for the needs 
of the traffic. New pavement surfaces on 
projects where a skid resistant surface was 
previously constructed with Federal funds 
must have skid resistant properties suitable 
for the needs of the traffic even if not now 
financed with Federal-aid funds. 

The SHAs should analyze pavement perfo- ymance 
histories and existing skid data to ensure 
that the materials, mix designs, and 
construction techniques used are capable of 
providing a satisfactory skid resistant 
surface over the expected performance period 
of the pavement. Each SHA's skid accident 
reduction program should include a systematic 
process to identify, analyze, and correct 
hazardous skid locations. The SHA1s should 
use the same construction procedures and 
quality standards used in constructing new 
pavements in pavement maintenance operations. 

Plans and specifications for proposed 
pavement rehabilitation and reconstruction 
projects should include items to minimize 
disruption and ensure adequate protection of 
the motorists and workers within the 
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construction work zone i n  accordance with the 
provisions of 23 CFR 630, subpart 9 and 
23 CFR 635, subpart A. 





NOV 04 1994 

A C T :  ISTEA Pavement Management systems 

D l  rector ,  O f f i ce  o f  Engineering HNG-41 

Regional Administrators 

We are approaching the f i r s t  bench mark i n  implementing the Pavement 
Management System (MS) provisions i n  ISTEA. By January 1, 1995, each State 
t s  required t o  submit t o  the d i v i s i on  o f f i ce  the c c r t i f l c a t i o n  statement, work 
plan, and status f o r  implementing i t s  M. The d i v i s i on  o f f i c e  should n v i e u  
the submission and forward i t s  coanrnts and a copy o f  the documents t o  the 
region. The regional o f f l c e  has the respons ib i l i t y  t o  review and accept the 
submission and n o t i f y  the d l v i s i on  o f f i c e  accordingly. 

The purpose o f  t h i s  ~ r m d m  i s  twofold. F i r s t ,  wr want t o  provide 
technical guidance and c r i t e r i a  i n  order t o  implement the M S  provisions i n  
ISTEA i n  a complete and consistent manner. Secondly, we request your 
cooperation and assistance i n  provid ing us w i t h  PUS I n f o r u t i o n ,  so we can 
continue t o  m n l t o r  the States' progress i n  developfng and i g l m n t i n g  t h e i r  
PMS' s. 

During the past months, we have assfsted several f i e l d  o f f i ces  i n  
reviewing d r a f t  work plans and noted s o w  d r f l c ienc ies  and 
inconsistencies t ha t  warrant attent ion. Presently, we need t o  focus on 
four  technical itw: (1) rul t i  -year p r i o r i t i za t i on ,  (2) 1 i fe-cycle cost 
analysis, (3) condl t l o n  survey distresses, and (4) condi t ion survey 
sug les .  Attached i s  technical guldance on these four  item f o r  your 
use. We have re t te ra ted  sari o f  the f u n d a n t a l s  o f  P I 6  f o r  the benef i t  
o f  the States and divisions Mo are experiencing a high turnover and 
i n f l u x  o f  engineers and managers who are n w  t o  MS. 

2.  For the past 8 y e a n  the Pavcwnt Management Branch has maintained a 
nat ional  database on the status o f  the States' M ' s  t ha t  i s  used t o  
assess and guide the nat ional  PUS program. Y l t h  the advent o f  the ISTEA 
c e r t i f f c r t i o n  process, the i n f o r u t i o n  i n  the database w i l l  continue t o  
p lay a K l i i g o r t m t  r o l e  i n  managing the nat ional  program. As you know, 
the i n f o n u t i o n  has always been col lected and reported by the FWA staff. 
We are requesting your cooperation and assistance t o  have the d i v i s i on  
o f f i c e  PnS sprc ta l  i s t s  update th i s  i n f o r u t i o n  when they concurrently 
review the States' PnS c e r t i f i c a t i o n s  and work plans. Please send the 
completed W Survey f o m  (copy attached) t o  the P a v m n t  Managednt 
Branch, HN6-41 by January 17, 1995. . 



Implmntlng the Pnt prov ls ians  i n  ISTEA i s  o f  v f t a l  inqortmcr t o  FMIA. The 
key t o  succrss i s  a strong j o i n t  effort between Headquarters and the f i e l d  
off ices.  Ye rill continue t o  provide technical guidmca and d i n c t t o n  as 
needed to help achieve a comprehensivr and consistmt PllS program. I f  you 
have any questions, o r  need t r c h n k a l  assistance, please contact Mr. Frank 
Botel ho a t  202-366-1336. 

Wi\liam A. WMman 
Willlur A. Wesmm 



1. Mult i-Year Pr io r i t i za t ion .  Mul t i -year p r i o r i t l z a t l o n  i s  the heart 
o f  a PMS. It provides a p r i o r i t i z e d  l i s t i n g  o f  projects f o r  which 
rehabi 1 i tatlon/preservation actions are recommnded f o r  each year 
o f  the planning horizon. The mul t i -year p r i o r i t i z e d  l i s t  o f  
candidate projects and treatments i s  a " f i r s t  cu ta  l i s t  tha t  i s  
normal 1 y produced by the Pavement Management Engi new(  s) and 
submitted t o  the appropriate o f f i ces  i n  the Agency t o  be used as 
i n o a  i n  developing the rtatewidc pavaunt preservation p rog ru .  
The p r i o r i t i z a t i o n  i s  based on p r t o r i  t y  factors, predicted 
perfomance, and econorlc analysis r e l a t l v e  t o  the goals set by the 
State f o r  i t s  network. The candidate projects should have a high 
benef i t  cost r a t i o  based on l i f e - c y c l e  cost analysis. The 
p r i o r i t i z a t i o n  process nust k objective, analyt ical ,  formal ized, 
a d  r u t o u t e d  (corputerized f o r  State and large loca l  networks) i n  
order t o  be stable and repeatable w i th  t iw and changing o f  
personnel. I t s  establ ished engineering c r i t e r i a  and m a l y t i c a l  
methodology are the basis and means o f  producing and documenting an 
accountable and j u s t i f i a b l e  pavement preservation p rog ru .  

~ a n J  States have not  ye t  established o r  u t i l i z e d  the above c r i t e r i a  
f o r  mul t i -year p r i o r i t i za t i on .  Rather, they are p r i o r i t i z i n g  
pro jec ts  soleFy on a subjecttve, nmual, and "worst f i r s t 8  basis. 
The f l e l d  o f f i ces  need t o  promote and support major e f f o r t s  by the 
State highway agencies (SHA's) t o  sa t l s f y  the in ten t  o f  our 
regu la t ion on u l t i - y e a r  p r i o r i t t za t i on .  

l i f e -Cyc le  Cost Analysis. The need and purpose f o r  l i f e - c y c l e  cost 
analysis i s  st rongly rqhasiz@d i n  ISTEA. The FWA issued an 
i n te r im po l i c y  statement on l i f e - c y c l e  cost on Ju ly  11, 1994. 
Thf r  pu l l ey  statemnt.should be used by the f t r l d  when evaluating 
the States' I l f e -cyc le  cost analysis procedures. P r i o r i t i z a t i o n  
and l i f e - c y c l e  cost ar idys is  are the ana ly t ica l  basis for 
dewns t ra t lng  t h a t  the expmdf tu re  o f  Federal -a id  funds are 
bstlflrblr and ~ p ) t  e f t r c t i v ~ .  

A State PUS w s t  Include a l i f e - c y c l e  c o s t ~ m a l y s i s  ( that  i s  
c n s u r a t r  with the leve l  o f  investment and types o f  preservation 
Wwtaents)  f o r  candidate projects i n  order t o  compare a l ternat ive  
t r e r t r n t s  a d  strategies t o  produce a cost e f fec t i ve  prcservat ion  
p r o g r u  t h a t  sa t t s f i es  the goals o f  the Agency. The l l f e - c y c l e  
cost analysis should be based on the perforrrnce predict ion and 
economic models used i n  mu1 t i  -year p r i o r i t i za t i on .  L i fe-cycle cost 
analysis o f  spec i f i c  pro jec t  treatments should constder future 
treatments required t o  maintain the pavement u n t l l  reconstruction. 
L i  fa-cycle cost analysis o f  ne th r k - l eve l  s t rategies requires an 
analysis per iod o f  a t  l eas t  one complete cycle i n  the l i f e  o f  the 
network. which should be a t  least  35 years. 



3. Condition Suwev Oistresse&. Pavement condi t ion data are the 
foundation f o r  measuring and monitoring: the "healthm o f  the 
network; the current and predicted perfonnance o f  pavements; and 
the remaining service l i f e  o f  the network. A PMS condi t ion survey 
bridges the ainformation gap* between general p l  anning data and 
de ta i l ed  design data. Condition data are combined w i th  perfonnance 
data, l i f e - c y c l e  cost analysis, and p r i o r i t y  factors t o  develop the 
mu1 t i - y e a r  l i s t  o f  p r i o r i t i z e d  projects. The type, extent, and 
sever i ty  o f  the ind iv idua l  distresses are also used t o  determine 
v iab le  preservation treatments. 

The types o f  distresses t ha t  are measured I n  a pavement condit ton 
survey should be chosen on the basis tha t  they support the 
decisions on where, when, and how t o  preserve the network. A 
asuf f ic iency r a t i nga  (coninonly used f o r  planning purposes) o r  a 

. s ing le  d i s t ress  survey do not  constitute a PMS condi t ion survey. 
The premise o f  using e i t he r  one as a 'common denoainabgr' does not  
provide the engineering de ta i l  needed i n  PIIS'S. 

4 Condition Survev Samleg. The re1 i a b l l  i t y  o f  condition data i s  
c ruc ia l  t o  the c r e d i b i l i t y  o f  a MS. The leas t  amount o f  e r r o r  
w i l l  occur i f  100 percent o f  the pavement i s  sampled. The 
v i a b i l f t y  o f  s a p l i n g  100 percent i s  only possible when uslng 
automated survey equipment, such as the equipment t ha t  i s  cur rent ly  
used t o  measure roughness, ru t t i ng ,  and fau l t ing .  I n  the absence 
o f  automated equipment, SHA's customarily measure d is t ress  data 
using an approximate 10 percent representat ive sample. That i s ,  a 
10 percent t u p l e  on each and every m i le  o f  the network. This may 
somewhat increase o r  decrease depending on the va r i  abi 1 i ty  i n  
pavement condition. 

Because of the expanded network coverage o f  ISTEA ( 1  .em, a t o t a l  o f  
936,000 center1 lne  m i  1 es o f  Federal -a id  highway), some SHA' s are 
explor ing cost  cu t t i ng  measures t o  reduce the added burden o f  
co l l ec t i ng  pavement condl t ion data. Generally, reducing the number 

- o f  d ist resses o r  r e d u m p  the sanple s ize does not  r esu l t  i n  rea l  
cost savings because o f  the increased r i s k  o f  er rors  i n  PWS. 
However, SHA's can achlevr rea l  cost savings by reducing the 
freaurncv o f  the condi t ion surveys. Condltlon surveys can be 
conducted every 2 years instead o f  every year. Biennial surveys 
d w l d  be supplemented rl t h  annual updates f o r  n w l y  improved 
sections and when unexpected changes occur caused by e i the r  the 
environment, 1 oadlng, premature f a i  1 ures, o r  accelerated 
deter iorat ion.  

Uh i le  these fundamental c r i t e r i a  apply t o  a11 Federal-aid highways, we want t 
prevent unnecessary data co l lec t ion  and analysis burdens, so please remind P l l  
prac t i t i oners  tha t  the leve l  o f  e f f o r t  needed t o  do items 1, 2, and 3 i s  f a r  
less f o r  lower order roads than f o r  the proposed National Highway System. 



NHS PMS SURVEY 

. Date . 

:?uestion I . i ( A )  applies. t o  both the NHS and  on-NHS) 

ORGAN I ZAT I ON ' 

State 

FHWA Reg1 on . 

State S ta f f i ng  Resources 

The fo l lowing staf f i&. inforrnat ion .pertains only t o  the s t a f f  a t  the cent ra t  * 

o f f i c e .  It does 'not apply t o  d i s t r i c t  s ta f f  or  f i e l d  data co l l ec t i on  crews. 
. . 

1. Does the SHA have a person who i s  designated as the Sta te 's  PMS.EogineerA? 
Yes No- ( I f  no.  ti 11 p rov~de  a name. .address', e t c .  f o r  the po in t  ' o f  
contact 1 .  * 

¶ 

Vame , . 
Address 

0 

'C1 t y  ST L i  pcode P 1 uskou.r 
Phone > F A X  

2 .  Does the PMS Engineer work f u l l  t ime on PMS? Yes Nop I f  p a ~ t - ? y e .  
khat percentage .i s spent. on PMS? Part  -Time Percentage . 

3 .  Does the PMS Engineer have the f u l l  responsi b i  l i t y  and author1 t y  to '  J e 3 d  x e  
development. implementation. and operation o f  PMS? Yes No . .  Y 

a 

. 4 .  I f  NO. how i s  PMS managed? 

5 .  If the PMS engineer has an ? s s x t a n t ( s ) .  . s t a f f .  o r  in-house support. : r d - x e  
each posit ion(person's name). .p?tcent t ime spent on PMS. and a b r i e f  deScr7s-:- ;n 
of t h e i r  primary function(s1 . T i 1  s per ta ins only ' to  the cent ra l  o f f m  aria . 

excl udes condi ti on survey crews (Add add1 t~ onal 'names on separate sheet. i 
Name Percent Time Primary Func t ionW 

' . JP,MS kngjneer i s the person who i s i n charge. o f  leading and i o r k i  ng on 0 

deve.1 ophg . 'i cI mpl ementi rig. and operat i ng 'the PMS on day-to-day baWs. 
. '. ; 0 

_-  -- - - 0  Revi sed 10/20/94 
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0 .  Does 'the State have an act ive  PMS comn l t t ee (~ )  o r  g roupW tha t  guide and update 
the PMS? Yes No -- . Provide the posl t i o n s i  i . e.  pavement design. 
rnatenals,  e t c .  ) o f M S  comm~ t t e e W  members on an attached sheet. 

I I . PMS DATABASE 

. . 

5 .  Inventory Data Yes Under Cons i der i  ng 
Development. I n  Future- 

Pavement type 
Pavement. WI d th  
Shoul der type 
Shoulder width 
Number o f  lanes 
Layer thicknesses 
Joi  n t  spacing . - 
Load t ransfer  
Subgrade c lass i  f i c a t i o n  
Materi a1 propert ies 
Resi 1 i e n t  modulus 
Drai.nage - 0 - - 
Other (speci f y  ) 

'C. ~ r o j k t  H is tory  Under 
Oevel opment 

1 Construction . 
2 .  Rehabi 1 i tat: on 
3 .  Maintenance * '  

* " ~ a i  ntenance" re fe rs  t o  prevent I ve mai ntenance not co r rec t i  ve 
. maintenance: Correct ive maintenance .refers t o  -pot  hole repai r .  e t c  

Revised lO/L 



Yes Under 
Oevel opment 

~ o n d i  t i  on Survey Equ i pmen t Cons i der i ng No 
I n  Future 

1. Ride 
2 .  gu t t i ng  . 
3 .  . Fau l t ing  
1 - 
4. ,racK;rq ' .  - P 

3 ~ . ~ r % c e  F r i c t i o n  
6. PiettcJor~ -: eve1 

Cefl ect I on - 

'E: 

. . 

Cons i der i ng 
1 opment I n  Future Deve . . .  . . 

1 : H i  oh. soeed windshield 
suhey'  a t  :30 t o  5 5 .  mph . ?  . - 

2. Lbw speed survey' a t  
. 0 t o  10 mph. . - 

3. ' Combimtion o f  high 
and 1 ow speed. - 

4. 35mm f i l m  viewed a t  , 
a workstat ion. 

5 .  Video tape viewed a t  . 
a workstat ion. - 

6. D i  s t ress-  Ident i  f i c a t l o n  
Manual . w i t h  p i c t o n a l  
references used t o '  
ca l  i brate  extent and 

. sever i t y .  
7 .  . .Ful l  v 'automated. - 

spec: f y  eqW pment : 
. J 

A h a t  i s  <he frequency o f  condi tmri data. col  l e c t i on  on the NHS? 

How does the State co l l ec t  the: csndi t i o n  data? 
I n  House Contractor(caecl fy )  

Traf f ic /Load Data - 

the PMS database c c n t ~ n  . Yes Under Cons i der i ncj No- 
a Development I n  Future 

Annua 1 ESAL ' s - - - - 
Forecast ESAL ' s -  9 

- - - - 
Cumulative ESAL's - - - - 

the PMS have an ESAL flow map that  i s  route speci f ic? 2.. . Does 

Under Devel opmen t - Cons i der i  ng Future NO - 
f o r  the.' HPMS sampl e 

. Yes 

Does the PMS provide I R I  o r  PSR(circ1e one) t o  FHWA 

Yes Under Development -. . ' No 

Revi sed 



Does the PMS have a r e l a t i ona l  database? 

Yes Under Devel opmen t - *No . 
.How much work has been ' c~ rn~ le ted  i n  developing the PMS database? 
3evelopment work would include: establ ishing data f i l e s .  co l lec t ing.  ddta. 
d a t a .  m t l n g  app l ica t ion programs f o r  analyesis. e t c . .  

INVESTMENT ANALYSES 

P r i o r i t i z a t i o n  

Does the PMS o f f i c e h n i t  produce a mul t i  -yea? p r i b r i t i z e d  list of 
recornmendedcandi.date p ro j ec t s ( t h i s  i s  considered a " f i i s t " c w t W  l i s t ) ? . '  . . 

Yes under Development ' . No - - - 
kihat method doesO.the PMS use t o  produce the mul t i -year prioritized l i s t  o f  
pro jec ts? 

Yes Under Cons i der i ng 
Development I n  Future 

Subject i ve3 

Object i  ve4 
* 

1. P r  i or1 t y  Model - 
. . 

2.. . 1nc.reknta1 
Benef i t Cost - , - 

3 .  Marginal Cost 
Effect iveness . - 

under 
Dew 1 opment 

Yes 
0 

Cons i der i ng To 
I n  Future 

N o n - ~ i  n e a r - P r c y ~ & i  ng 
Integer P r o g r a m  ng 
Dynami c P r o g r a m  ng 
Other ( SoeciTv > 

3 " ~ u b j e c t i v e "  indicates tha t  the projects were p r i o r i t i z e d  by ind iv idua ls  
using only personal knowledge o f  the roads. 

" 0b j ec t i  ve" means that the projects were p r i o r i t i z e d  using a ' re~eatab le  
ana ly t i ca l  process. 
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3.  I f  the answer t o  questlon . 2 ( b )  i s  Yes o r  Under Development. who developed the 
software? In House Contractor(speci fy) 

4 .  .Check the factors used t o  p n o r i  t i z e  pro jec ts :  

Yes Under Consrdering No . 
Development I n  Future 

O i  stress 
91 6e 
~ r a f f i  c 
Functional class 
Skid - 
struc tu ra l  adequacy- 

- - 
- - 

Cther (Spec1 fy 
- - 

. 
Pceserv-at l on Treatment : 

. . .  
1.  goes the PMS ass1 gn aa pies'ervat i  on treatment . t o  a candidate p ro jec t?  

6 
0 O .  Yes . Under Devel opment - No - 

2 .  I f  the answer ' t o  question 1 i s  Yes o r  Under Development. dmch groups o f  
treatments does the' PMS cover? 

J 

Yes Under No 
Devel opment 

a .  ~ e c o n s t r u c t ~ o n  a - 
b . .  Rehab1 1 i t a t j o n  - 
C .  Maintenances - 
  hat flethod 1s used t o  assign a preservation treatment t o  a. 
candi date p ro jec t .  

Yes Under .Considering No , 
Development . I n  Future . 

1. Matr ix  
2 .  Decision t r e e  
3. Cost Benef i t  
4. Optimization Methoc 

l i s t e d  ~ r e v i o u s l v .  
5 .  Other ( ~ p e c i  f y f  

'"Ma1 ntenance" re fers  t o  prevev:: Je  ma1 ntenance not correct1 ve 
ma1 ntenance. Correct ive vtai n t e n a n w e f e r s  t o  .pothale repai r , e tc .  . 

P 

5 " ~ ~ b ~ e ~ t ~ l ~ e "  indicates that .  the y o j e c t ~  w&e pr ior i t i ' zed by  1nd1 vidual s 
.using only personal knowledge o f  the 'roads. . 

0 

' " ~ b j e c t i v e "  means tha t  the projects were p r i o r i t i z e d  using a repeatable 
ana ly t ica l  process. 
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4.  I f  the answer t o s  question 3( b.1 i s Yes o r  Under- Development. who devel oped- t t  
software? Jn House Contractor(speci f y )  . 

5 .  . Does the PMS do a 1 i fe-cycle cost analysis for the recommended 
preservation treatments? . . 

Yes - Under Devel opment - NO - 
6 .  if the anSNer t o  question 5 i s '  Yes or  Under Development, who developed t h e '  sfif+: L ~ a r e ?  In House - Contractor(speci f y  

C .  , . Pavement Performance Monitoring and Project ion . 
' - .  

. 1. Does the PMS monitor bavement performance? 
. . 

Yes Unde r~eve lo~men t  - . ..No- 

2 .  Check a1 1 t h e  pavemknt 'indices Lsed t o  moni tdr paiement ' . . 

Ls load 

, . . .Yes Under Cons i der i ng . No ' 
Development I n  Future 

Ride - - 
D i  stress 

- 7 - - - 
Combi ned Index 

- 
- 

Other (Spec? f y  ). 
- - - - 

data (cumulative ESAL's) used t o  monitor pavement 
performance? . . 

' P 
0 

.Yes - Under Devel opment - . C0ns.i der i  ng .i n, Future . - 
Does the PMS generate pav5ment performdnce curves?. 

e 
D 

Yes Under Devel opment - Considering i n  Future - - 
Are k ~ e  curves developed for?' 

Yes . Under Cons i der i ng No 
Deve lopment  - I n F u t u r e  

Fami l y  o f  pavements ' - - - - 
Each pavement - - - - 
Does the  PMS monitor and p red ic t  performance using? 

Yes . Under Cons i der I ng No 
' Devel opment In Future 

Markov ~ r a n s i  ti on - - - - 
Semi -Markov Trans i t ion  - - - - 
Does the PMS moni t o r  pavement performance usi  ng another method? 
(speci fy . 
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8 .  Does the PMS compute t h e  Rema.i n i  ng Servi ce L i  f e  o f  the 
network? 

Yes Under Devel opment *o - 
9 If the  ansrer t o  questlon 8 i s  Yes or Under Development. wha developed the 

s o f t ~ a r e ?  I n  House - . Contractor(spec1 f y )  
% 

IV'. ENGINEERING ANALYSIS 
0 .  

A .  Is the  performance data i n  the PMS database used t o  evaluate e i the r  the 
accuracy, qua1 i t y  . o r  t h e x o s t  effectiveness f o r :  

Yes Under Considering Noz 
Development .In Future . 

1 New pavement deslgn procedures 
2 .  Over l ay des I gn procedures - . - . .  

3 .  Rehabi1itatidn.techniques " - - a  

- - 4. Matertals 
5 .  Cot?structian-. .. : ; ' - 1 

- - 6 .  ' Prevent i ve ma1 ntenance - 7 . '  Mix.desSrgns - - 
.- 8. . ,Other (Spec1 f y )  a 

. . 
PRODUCTS 

, 

I s  the PHS'.s'mul t i  -year - p r i o r i t i zed  1 i s t  of recommended p ro j& ts  used as m p u t '  
i n  the development o f  the S ta te ' s :  

Yes Under 
a No 

Devel opment 
1. pavement Preservation ' 

. . 
Program 

2 .  Statewi'de Transportation . o 

Improvement Program(ST1P) -- . 
7 

0 
=a".- 

3 ,  ~ r a n s p o r t a t i  on Improvement 
Program(T1P) - .  

' i s  the PMSS m i l t i - y e a r  pno r i t i ze ' d  l i s t ( f i r s t  cu t )  compared t o  the f i n a l  
approved 1 i s t  o f  pavement preservation projects f o r  reasonableness? 

0 

. Yes . Under Deyel opment Considering i n  Future .- No - 
. . .  

. - VI.' UPDATE: . . . - . . .  . 
a .  .. . 

, - .  

Does .the SHA annua'l 1 y &a1 k t e  and update the PMS re1 a t i  ve t o  the ageky ' ; poTl ci:&. 
engineering c r i t e r i a ,  pract ices,  experience. and current i oformation? 

Yes Under Devel opment 

Revised 10/20/94 





Memorandum 

Subject: JNFORMATION: OIG Final Report on the oat.: July 26, 1994 
Audit of Cost Comparison of Asphalt 
Versus Concrete Pavement 

Reply to 
From: Rodney E. Slater A m o f :  HMS-11 

Administrator 

10: The Honorable A. Mary Schiavo 
Inspector General (JA-1) 

We have completed our review of the final report on the Audit of 
Cost Comparison of Asphalt Versus Concrete Pavement in Region 4. 
Your transmittal memorandum requested that we reconsider our 
nonconcurrences with your recommendations and provide specific 
target dates and further clarification where we have agreed to 
corrective actions. 

Our specific comments relative to each recommendation are 
contained in the attachment to this memorandum. For 
clarification, we have included our responses to the draft 
report, as well as a summary of the OIG comments on those 
responses in the attachment. 

Our further review of the report reveals a fundamental 
philosophical difference in our approach to administering the 
Federal-aid highway program. This difference is specifically 
stated in the report's synopsis, alluded to in the report itself, 
and incorporated into many of the report's recommendations. 

The philosophical difference is clearly articulated in the 
statement on page iv which reads as follows: ". . .the 
continuinu ~roblem with Ff f l lAnr  traditional atratem of 
facilitatina. rather than mandatina . . . .@@ The report suggests 
that the FHWA needs to alter its operational relationship with 
State highway agencies (SHA) and adopt, as we interpret it, a 
strategy that is inconsistent with this Administrationos approach 
toward customer service and minimizing mandates. We find this to 
be totally unacceptable and continue to nonconcur with that 
premise and in all recommendations in the report that would lead 
the FHWA in that direction. 

The M A ' s  basic philosophy of "facilitatina. rather thaq 
mandatinaaa is based upon the fact that the Federal-aid highway 
program is a federally assisted State program. The FHWA must 
administer it in that light. The Federal-aid highway program is 
fundamentally a formula allocated program. With finite 



allocations, SHAs are independently under intense fiscal pressure 
to assure the most efficient use of all highway dollars, whether 
they are Federal, State, or local dollars. 

The FHWA's fostering of a cooperative partnership approach has 
served FHWA, the States, and the Nation well since its inception. 
This partnership approach was strengthened by the passage of the 
Intermodal Surface Transportation Efficiency Act of 1991. The 
FHWA continues to look toward bettering, not dismantling, this 
relationship in the future. 

In response to the specific recommendations contained in the 
report, among other things, we have attached specific 
clarification and timetables for life-cycle cost analysis (LCCA) 
and pavement design activities as you requested. The FHWA 
believes that it is important to note that we have made 
significant progress over the last few years in both of these 
areas. 

In the area of LCCA, we have reviewed the recent 1993 American 
Association of State Highway and Transportation Officials 
(AASHTO) survey of SHA applications of LCCA, conducted an 
FHWA/AASHTO symposium on LCCA in December 1993, and plan to 
publish an interim policy statement on LCCA. This policy 
statement will include recommendations on minimum analysis 
periods to be used and references Office of Management and Budget 
Circular A-94 for guidance on the aelection oi appropriate 
discount rates. The goal of this policy statement is to clearly 
define the FHWAts position on some of the more important 
components of LCCA, including analysis period, discount rate, and 
user costs. We intend to publish this policy statement in early 
summer. 

It is important to note that we are making significant progress 
in this area and will be in a better position to further 
determine our course as current efforts evolve. 

The same is true in the area of assuring high quality, 
cost-effective highway pavement design, construction, 
maintenance, and preservation. The new December 1993 Pavement 
Management System (PMS) regulation requires SHAs to develop 
comprehensive coordinated systems to effectively manage pavement 
to address current and evolving long-term pavement needs. It 
also broadens the pavement design requirements to include an 
analysis of the entire pavement structure (subgrade, subbase, 
base, and pavement). The ~egulation specifically requires that 
pavement design analysis consider life-cycle costs. 

The FHWA intends to rewrite its Federal-Aid Policy Guide (FAPG) 
on pavement design to better track with the recently revised PMS 
regulation by the end of this calendar year. The revised FAPG, 
in conjunction with the new PMS regulation, will provide 



significantly more definitive guidancb on pavement design. AS 
noted in our earlier response, the FHWA agreed to direct its 
regional pavement engineers to participate with the divisions in 
pavement design and management reviews in each State during the 
next 2 years. Headquarters pavement engineers will participate 
in at least one of these reviews per region. 

Further, we continue to stand by our original position, as stated 
in our September 2 memorandum, that the audit report does not 
support a finding of a material internal control weakness. 

We appreciate the opportunity to comment on this draft report 
concerning the Audit of Cost Comparison of Asphalt Versus 
Concrete Pavement in Region 4. 

2 Attachments 





U.S. D e p a m t  
of Tran$mmm 

Subject: 

From 

To: 

INFORMATION: Proposed Final Interstate 
Maintenance Fund Transfer Policy 

Director, Office of Engineering 

Date SEP 2 1 w 

Regional Administrators 

Attached is a copy of the FHWA's proposed final policy statement on Interstate 
Maintenance Fund Transfers, which was publ ished in the Federal Reqister on 
Friday, September 2. It addresses criteria relating to the decisions on 
adequate maintenance of the Interstate System for purposes of the Interstate 
Maintenance Program Transfer provisions of Title 23, United States Code, 
Section llg(f) (1). It is a pro~osed replacement for the Interim Maintenance 
Fund Transfer Pol icy, publ ished at 58 Federal Reqister 12229, on 
March 3, 1993. 

The proposed final policy statement would add safety and geometric criteria 
not originally proposed in the interim policy, and modify the existing 
criteria for pavements. Modifications to the pavement criteria would 
change the IRI criteria from 240 cm/km (150 inches/mile) to 200 cm/km 
(127 inches/mile), modify the faulting criteria to reflect a faulting rate 
of 525 m/km (33 inches/mile) for both plain and reinforced jointed concrete 
pavements, and add a surface friction related criteria. 

We have reopened the docket and will be accepting written public comments 
until November 1, 1994. We would appreciate it if FHWA field offices would 
adhere to that date in submitting any comments. Please note, that until we 
publish a final policy statement, the interim Interstate Fund Transfer Policy, 
published in the Federal Reaister on March 3, 1993, is still in effect and 
governs Interstate Maintenance Fund Transfer requests. 

The Pavement Division continues to coordinate this effort for the Office of 
Engineering. Please direct any questions relating to this policy and/or its 
implementation to Mr. John Hall in. He can be reached at (202) 366-1323. 

William A. Weseman MA4 
Attachment 

NOTE : The proposed final policy statement proposes changes to agency policy and has been 
published to gather public comment. Until the statement becomes final the interim policy 
statement will prevail for transfer of interstate maintenance program funds. 
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[FHWA Dockst No. 93-10) 
a provided written comments to the 

docket estabtished for the interim policy 
Transfer of tnterstate Maintenance 
Program Funds 
AGENCY: Federal Highway 
Administration (FHWA), DOT. 
ACTION: Proposed final policy statement; 
requests for comments. 

SUMMARY: This proposed f f  poky 
statement sets forth the FHWA's policy 
far addrassing the interstate 
mainte~~~lnce program funds t ransh 
provisioas of 23 U.S.C. l't9(f)[l). The 
criteria for detmmhiq what constitutes 
adequate maintenance, which ~IU 
included in this policy, ars associated 
with only the transfer of lntersbts 
Maintenance (I)VI) funds and anit not 
related to the Stab's mponsibility to 
properly maintain projects constrydsd 
with Feddaid fun& outlined b 23 
u.s.c rre, kdrin-. 
DAISs= -B -St bs ~cleitted OlB 
or b e k  Novsmbsr 1,1994. 
AOOR€SSS: Submit written, signed 
corndnanb cancenting bris p o k y  . 
statement to FHWA M d  No, 9340, 
Federal Highway A ~ t i o ~  Roam 
4232, HCC-10, Offim of the Chief . . 
COWUd. 400 seventh street. sw., . 
Washi on, DC 20590. All rrunrPents 

will be available for . 3 
examinntion at the above addtesd 
between 8;30 as;l and 3:30 p.m., st, 
Moaday t h q h  Friday, 8 b p t  F e d d  
hollbys. . . 
K ~ N R s w E ~ ) ~ ~ ~ ~ ~ ~ ~ A C ~ T C . ~  
~ ~ ~ P n w P e r a t D e r i p .  
and ReboWtotioo Brcmch, (202) 366-. 
1323, vr ?& Vivian Phibin, Attonmy- 
Advisor, Office of Cbief C o d  
General Imw BraPcb (202) 366.0780, 
Federal Highway Administration, 400 
Seventh Street SW., Washington, DC 
20590. 

Backgmund 
On March 3,1993, the FHWA 

pubtished an in&irn p d i q  sta&mat. 
on thetmmkof-- 
p ~ l u r r c f s a t 5 6 F R 1 2 2 9 9 , d  
pmvided-a 60aq pubiic r-ammwt - 
period which closed an May 3, l W Z  
Durin$Jthe in~puio&,FNWA - 
brrr4nrtsdtb.m-rtd + 

Feconsfdd its initid pasitfm. Ao 8 ~~ the PHWA L pmposias to 
modijrtbr,pmmnmt~~trghooursd 
faultbgcritsriraPdtoadd QQiitiarrl 
criteria that were- not proposed in tke 

iDErd%htohiehWIy ag-i'm 
(SEIAs) and the Highway User 
Federation for Safety and Mobility , - 

statement. 
The SHA wmments ranged from 

administrative type questions, such as 
requests for clarification of 
measurement procedure8 and use of 
existing pevernent management system 
data, to fundamental positions on the 
individual indicators and the specific 
established criteria. Some SHAs 
endorsed various portions of the criteria 
established, while others took exception 
to part or all of the criteria. 

The HUFSAM strongly endorsed the 
interim policy. It stressed the need to 
assure that the Interstate System be 
maintained at a very high level and 
noted that, from its studies, nationwide, 
the Interstate maintenance funding 
levels are inadequate. 

After evaluating the comments 
received. the FHWA contimes to 
believe that transfern of a portioned IM 
k c i s  opecifica~p ear& for 
htersbte maintenance to other 
designated program should be- 
permitted only when the Inter@ate . 
System routes are in a p b y s i a -  
operatha& a d  sa.fi~ condition b d  
perf' at or near the leveI for which 
they were M g a e d ,  ancf coastntctd 
Bec;r\lse pavement and bridge activities 
constitute ths major coat items of IM 
eligible dvitim the interim p o k y  
hami on pavement and bridge 
condi5bn indicatan as the detembhg 
W o n  fbt eKgiWlity to w f e r  IM 
funds. Othrsr essential elements, 
necessary to maintain the physical and 
operational integrity of the Interstate, 
must also be consided in 
transportation decisions Respnser, to 
the intarim policy, however, indicate a 
concern that other esrrential elements 
need not be considered in traasCar 
decisions. This was not the intent of the 
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thought that the faulting criteria were 
too restrictive, while five S U s  , 
'commented that the criteria were 
acceptable. In addition, the HUFSAX. 
found the criteria acceptable. 

One SHA recommended simpli@ing 
the policy by replacing the separate 
faulting criteria for jointed plain end ' 
jointed reinforced concrete pavement 
@?and JRB) with a single faulting 
criterion in mm/krn (inchedmile) for 
both pavement types. A m m h  based 
criteria would eliminate the need to take 

supports a continued strong emphasis 
on safety. 

In a sampling of SHA pavement 
management systems conducted during 
the past year, the FHWA found that the 
pavement condition indicators 
established in the interim policy are 
generally collected and used by the 
States in evaluating the condition of the 
Interstate for their own management 
purposes. While the data collection and 
reporting procedures differ somewhat, 
the fundamental indicators are 
consistently used by the SHA's to 
manage their Interstate pavements. 

The proposed final policy includes 
the original pavement and bridge 
condition indicators established in the 
interim policy and adds pavement 
surface friction as a fourth pavement 
condition indicator. However, the 
roughness criteria has been modified 
and the separate faulting criteria for 
jointed plain and joint reinforced 
concrete pavement (JPCP and JRCP) has 
been replaced with a single criterion of 
525 m a  (33 inchedmile) for both 
jointed avement types. 

In adgtion to these interim factors. 
this proposed final policy statement 
adds criteria for the additional traffic 
and safety related indicators of (1) safety 
appurtenances, (2) traffic control 
devices. and (3) geometric elements. 
These indicators are equally critical to 
the Interstate System which relies 
heavily on the availability of IM .@xis 
for continued adequacy. Maintenance of 
the Interstate System's operational as 
well as physical characteristics in a 
satisfactory manner remains the %.kt 
priority for the use of these funds. 

Comments Received 
This section addresses specific SHA 

comments organized around the criteria 
established for each of the individual 
condition indicators. 
Pavement Roughncslr 

Three S H h  suggested that the 
International Roughness Index (IRI), 
developed at the Int%mational Road 
Roughness Expabat ,  is not the 
appropriate measuxe of rideubility. The 
FHWA ~ ~ t h a t - I R i  does have 
some limitations. It does, however, 
provide a cornman quantitative basis 
with which to relerence the different 
measures of roughn~.  Further, i t  is 
currently collected by SHAs and 
provided to FHWA under the Highway 
Performance Monitoring System 
(HPMS) submission requirements. 
Although the W A  is open to use of 
improved pavement surface rideability 
measures, until such time that improved 
measures and equipment to measure 
them are accepted and readily available 

to SHA's, the FHWA will continue to 
rely on IRI as the ride indicator. 

Four SHAs commented that the 
specific IlU criteria of 240 m/km (150 
inches!n~ile) was too severe. The FHWA 
disagrees. The selection of the 240 cml 
km upper limit criteria on pavement 
roughness was directly tied to the 
FHWA's desire to require Interstate 
pavement to be in fair or better 
condition. The interim policy noted that 
initial IRI to pavement serviceability 
rating 1 (PSR) conversion studies2 
indicated a 240 cm/km IRI is equivalent 
to a PSR range of 3.0 to 3.5. Pavements 
within this range are classified as fair in 
the FHWA's "1992 Highway Statistics" 3 

report. Subsequent additional analysis 
of the W S R  correlation indicates that 
a 240 c d k m  more accurately 
reflects a much lower PSR range of 2.5 
to 2.8 (pavements in this range are 
classified as being in poor to mediocre 
condition 4). Based on this furthe; 
analysis, the FHWA has established an 
upper limit of allowable IRI of 200 cm/ 
lun (1~7"lmile). This converts to a PSR 
of between 2.8 and 3.2 which is more 
consistent with the FHWA's original 
objective that pavements be in fair or 
better condition 5. 

Rutting 
Rutting comments were limited to 

data collection difficulties and reflected 
a degree of uncertainty ab6ut what data 
collection equipment and p d u r e  
would be considered acceptable. No 
comments were received concerning the 
appropriateness of the rutting indicator 
or the estabIished criteria. Therefore the 
FHWA has retained 15 mm (5/8 inch) as 
the upper allowable M t  of rutting. 
Concerns related to data collection 
equipment and procedures are 
addressed under "Pavement Data 
Collection," later in the preamble. 
Faulting 

The SHA comments on the faulting 
criteria were split evenly; five SHAs 

1 The PSR concept war developed at the 19% 
American Association of State Highway Ofiicialr 
(MSHO) rued test to relate the pavement 
smicwbllity index (PSI), oampuKeuj h n  
objectively mmmured pavement distress, with 
subjtive sewiceability ratings by panels of road 
usem. 

a Ruh.r AI-Umari and Michel L Darter. 
"Relmoorhip botuan IRI d PSlt: A Report of 
the Finding. of R-t hiodd Exhmmmnu-Tor 
the Highmy Pufornr~aco Monitoring Systm 
t??MSl; Tram-prtation Bnginssring Serisr No. 69. 
University of Illinois at Urbrnr Chunpalp, Report 
NO. UaU-ENG92-20t3. Sap- 1-2 Thir 
doctment ir avdl.bla f a  iiwpsaioa In FHW*. - 
k & t  Na 93-10. 

"A. "Highway Statistiticr 1992," FHWA-PG 
93623. A copy of this document ir avaihblq for 
inspection in FHWA Docket No. 93-r0. 

%id. 
8 Ibid. 

joint frequency into account, as the 
average allowable faulting per joint 
would be directly related to the number 
of jointslmile. The FHWA recognizes 
the merit in this recommendation and 
has replaced the separate faulting 
criteria of 3 mm on jP6 and 6 mm on 
JRCP with an equivalent maximum 
faulting rate of 525 mrn/km (33 inched 
mile) for both. This faulting rate is 
equivalent to 3 mm per joint on typical 
JPCP with 6 meter (20 foot) joint spacing 
and 6 rnin per joint on JRCP with 12 
meter (40 foot) joint spacing. Because 
joint spacing varies between States, the 
allowable faulting per joint will differ 
from State to State, even thou the 
faulting rate per km remains ifgstant. _ 
Administrative-Procedural T o l e r m  
Limits 

The most common comment. rech, . 
from seven SHAs, was that the scope of 
the application of the criteria was too . 
stringent. The crux of the argument wa+ 
that some tolexance limit should be 
established to allow a SHA in 
substantial compliance to transfer 
funds. A common suggestion was that 
the FHWA only q u i r e  that 90 to 95. 
percent of the Interstate System meet 
the criteria before allowing transfer. 

The FHWA recognizes that there am 
continually evolving pavement and 
bridge needs and, at any one point in 
time, even SIfAs with exceptionally- . 
good pavements might not meet the 
criteria on 100 percent of their Interstate 
system. The FHWA has already 
provided relief for this situation. The 
interim policy specifically allows 
transfer when all criteria are not met on 
the Interstate if the work necessary to - 
correct any deficient segments is t 

included in the approved State 
Transportation Improvement Program, 
required by 23 U.S.C. 135(f). This relief 
is included in the final policy. The 
FHWA believes that allowing a 5 to M 
percent exemption or tolerance would 
be unwise, as it would allow transfr 
money necessary to qaintain the 
Interstate highway system. 
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Pavement Data Collection 
Several SHAs posed comments and 

questions on data collection and 
reporting procedures. The primary 
concern appeared to be whether FHWA . 
would require a specific data collection 
effort using some standardized 
equipment and procedures that would 
be different from what is currently used 
by the individual SHAs. Further, the 
comments included request for 
flexibility in summarizing the data. 
Several suggested that FHWA should 
use whatever SHA PMS data was 
available to determine the acceptability 
of a certification accompanying a 
transfer request. 

The FHWA intends to rely primarily 
on current surface roughness, rutting, 
and faulting information contained in 
SHAs PMS database(s) and from 
information reported in HPMS in 
evaluating the pavement component of 
State certifications accompanying 
Interstate maintenance fund transfer 
requests. 
The FHWA recognizes the uniqueness 

of each SHA's PMS and the diversity of 
equipment and procedures used by the 
SHAs to meet their particular pavement 
management needs. The FHWA is not 
prescribing new specific uniform data 
collection equipment, procedures,. 
sarn~linn, or data reduction techniques 
to d&e&ine compliance with the : . , . 
pavement Interstate maintenance ' 

transfer criteria. 
Bridges 

Only two SHA's commented on the 
bridge section of the policy. Both 
e n d o d  the use of the current National 
Bridge Inventory (NBI) bridge deck 
condition rating (Item 58) as an 
indicator and supported the criteria 
requirement that bridge decks have a 
condition rating of 5 or better. This i s  
consistent with the long standing use of 
a deck rating of less than 5 to determine 
a structurally deficient bridge. . 

Both States also v e n d e d  that 

in the 

The FHWA origind$ considemd -- - 
using superstructure and Substructure - 
ratings as specific criteria when it 
initially developed the interim policy. ' 

Upon further consideration, FHWA still 
supports "load posting" criterion which 
reflects superstructure and substruchire 
condition ratings and is also a measure 
of potential safefy concern. 

The need for load posting is an end 
result of applying superstructum and 
substructure conditions. along with 

other factors, in making toad carrying 
capacity calculations. Changes in 
condition ratings, and therefore, the 
load posting, are affected by a reduced 
maintenance effort which eventually 
leads to continual and long-term 
deterioration of bridge elements. 

One of the SHAs further 
recommended that the FHWA 
incorporate failure susceptibility as an 
indicator. Failure susceptibility is not 
required nor normally assessed by 
States in the course of inspecting 
bridges to meet national bridge 
inspection standards. As a result, the 
FHWA believes it would be 
inappropriate to use failure 
susceptibility as a nationwide criterion 
in the IM fund transfer policy, and has 
not included it. 

Finally, one SHA recommended that 
bridge railing adequacy should be 
included in the decision factors. The 
FHWA considered including bridge 
railing adequacy as indicated by NBI 
Item 36 in the early development of 
policy criteria. The NBI Item 36 is a four 
segment item that rates bridge railings 
for adequate impact strength, and 
approach guardrail for adequate vehicle 
safety and protection. 

The adequacy of bridge railings and 
approach guardrail is a serioas safety - 
concern and should be considered br 
the States' maintenance pmgram as well 
as in developing-highway safety 
projects. ' - . U 

4 - . . 

The NBt-ratings are determined in . 
accordance with the "Recording and - 
Coding Guide for the Structure - 

Inventory and Apptaisal of the Nation's 
Bridges" (Coding Guide) U.S. DOT/ 
FHWA, December 1988. 

Policy 
For the purpose of 23 U.S.C. 119(f)(1), 

which provides for transfer of State 
apportioned IM funds that are in excebs 
of a State's need to the State's NHS and 
STP apportionment, the FHWA will 
accept a State's certification if the 
State's Interstate routes meet the 
following criteria: 

Pavement: 
(1) An IRI of 200 &n per km (127 inchej 

per mile) or less; 
. (2) Rutting of 15'mrn (5/8 inch] or leks on 
flexible pavements; 

(3) cumulative huiting of sis mm pa 
(33 inchedmile) or Less on jointed rigid .- 
pavements; and . . 

(4) Surfaces have adequate surface fitc&n 
and 'drainage, based on the State accidents 
record system not identifying any locations 
with a high incidence of wet weather 
accidents. 

Bridges : 
( I )  Bridge decks in "fair condition" or 

better (Coding Guide item 58 rated 5 or 
better); and 

(2)  No load posting required (Coding Guide 
item 70  rated 5). 

Safety Appurtenances: 
Guardrail. bridge rails, safety barriers, and 

other safety features including the upstream 
ends of all traffic barriers meet (a) the 
performance criteria of 23 CFR 625. (b) 
acceptable use warrants, and (c) installation 
requirements per State standard plans. 

Traffic Control Devices: 
All major guide, regulatory, and warning 

signs meet the minimum size, shape. color, . 
format, and message requirements as well as 
the day and night legibility and visibility 
requirements of the MUTCD and 
amendments. 

Geometric Elements: 
(I) The horizontal and verticaI alignment. 

and widths of median, traveled way, and 
shoulders rnwt the AASHTO Interetate 
Standards, as incorporated in 23 CFR 625, in 
effect either at the time of or@hd + - . 
construction, major recoustrwtionsbr 
inclusion into the Interstate systemi)whi&. 
ever was the latest: and , . 

(2) Hazardous S c a m  (£hod objects, steep. 
sideslopas, etc) witltin the clear zone are 
either eliminated, corrected, or adequately 
shielded. . . 

In the event that thedmhdition. as 
'" 

reflected by current + t a b s ,  does pot 
meet the riquhd criteria, for"anp 
segment of Interstate, the State's request 
for funding transfer may. not be 
approved unless the state certifies that 
the deficient segments have either been 
subsequently upgraded to meet the 
required criteria or that the work 
necessary to correct any such deficient 
segments is included in the approved 
State Transportation Improvement 
Program, required by 23 U.S.C. 135(0. 

Section 119(f)(2) of Title 23, U.S.C., 
allows the States to transfer up to 2 0  
percent of the apportioned JM funds to 
the NHS and STP apportionment based 
solely on the request of the States. 

(23 U.S.C. 119 and AS; 49 CFR 1.48(b)) 
Issued on: August 29,1994- 

Rodny E Slrtsr ,  
Federal Highmy Adrnjnistmtor. 
[FR Doc 9t21 .757  Filed +I-%; 8:45 am) 
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. NOTE : The proposed final policy statement 
proposes changes to agency policy and has 
been published to gather public comment. 
Until the statement becomes final the interim 
policy statement will prevail for transfer of 
interstate maintenance program h d s .  

Fedenh Hlghway Adrnlniaratlon 
[FHWA Docket Na $&lo] 

Transfer of Interstate Maintenance 
Program Fund. 

AGENCY: Federal Highway 
Administration m), DOT. 
ACTION: hterim policy statement. 

S U W I :  This interim policy rtatement 
establishes the FHWA's policy far 
addressing the interstate. maintenance 
program funds tnm& p m v i 4 i 0 ~  of 
section 119(f)(l) of t i tb  23, United 
States Code (U.S.C). which was 
amended by Section 1009 of the 
In termodd Surfam Transportation 
Efficiency Act (ISTEA) of 1991, By 
publishing t h i ~  interim policy statement 
the FHWA seek$ to advise Stater of the 
criteria the agency will urn in evduating 
a State's request to transfer interstate - qintenance funds, while providing the 

tortunity for public canwnent prior to 
ding a final policy steternent. 

DATES: Comments must be received on 
or before May 3.1993. 
ADORESSES: Submit written, signed 
comments concerning this policy 
statement to FHWA Docket No. 93-10, 
Federal Highway Administration, room 
4232, HCC-10, Olfice of the Chief 
Counsel, 400 Seventh Street, SW., 
Washington, DC 20590. All comment8 
received will be available for 
examination at the above a d k  
between 8:30 a.m. and 330 p.m. at., 
Monday through Friday, except legal 
Federal holidays. 
F M  NFrmER IN~RkUTIW mm. 
Louis Papet, Chief, Pavement Mvidon, 
(202) 366-1324, or Mn. V i h  Phi-, 
Attorney Advisor, Office of C'Md 
Counsel, General Law Branch, (202) 
366-0780, Federal Highway 
Administration, 400 Seventh Street SW, 
Washington DC 20390. 
SUPPLEMENTARY WfWMATIOW 

Sedio~ 1009 of the amended 
23 U.S.C. 119 by mpladng "Interdeto 
%tern mmrfacin$* with tho " I O ~ t 0  

ntenam;s p w "  (XM) Puhk Law 
102-240, d o n  1009,105 Stet 

i~14e1933. 1009 h 
established additioPol constrafntt 

affecting the States* options for 
transferring a pmtion of these funds to 
the States' apportionments for other 
Federal-aid programs. 

Section 119(f)(l), as amended, allows 
the transfer of IM funds to other 
Federal-aid highway pmgrams provided 
the State certifiee to the Secretary that: 
(1) Any part of the IM fun& are in 
excess of the needs of the State for 
resurfacing, restoring, or rebabili tating 
interstate System mutes and (2) that it 
is adequately maintaining the lnterstate 
System, and the Secretary accepts such 
certification. Notwithstanding section 
119(f)(1), section 119((fj(2), as amended, 
allows the States to "unconditionally" 
transfer up to 20 percent of unobligated 
IM apportioned b d e  based solely on 
the request of the State%. 

Further, section 1009(c)(2) of the 

Pavement Condition lndicatom 

Roughness 
The FHWA will use the International 

Roughness Index ( I N )  to evaluate 
roadway roughness, and her set an 
upper IRI limit of 240 un per h (150 
inches er mile) for surfece roughness. 

The &I was developed at the 
International Road Roughness 
Experiment sponsored by the WorM 
Bank and several countries, including 
the United States, in Brazil in 1982. It 
is designed to provide a common 
quantitative basis with which to 
reference the different measures of 
roughness. It summarizes the 
longitudinal surface rofile in the wheel 
track and simulates 8 e response of one 
wheel of a typical passenger car 
traveling 80 km per hour (50 miles per 
hour) to-road mu Pess* ISTEA requires the Secretary to develop . The IN upper rmlt of 240 cm per km, 

and make-available to the States criteria 
for determining what constitutes 
adequate maintenance of the Interstate 
System for the purposes of section 
119(f)(l) of title 23, United Sates Code. 
The criteria for determining what 
constitutes adequate maintenance, 
which are included in this policy, are 
assodated with only the transfer of IM 
funds and are not related to the State's 
responsibility to properly maintain 
projects constructed with Federal-aid 
fun& outlined in 23 U.S.C, 116, 
Maintenance. 

In developing the specific criteria, the 
FHWA believes that transfers of 
apportioned IM funds specifidly 
mrmarked for Interstate maintenance to 

Other dear ed programs should only 
beallow whenthehtmstateSystem 
routes are in a physical condition to 
perform at or near the level fbr which 
they wers designed and intended. 

Pavement and bridge activities 
constitute the majority of IM eligible 
activities, The FHWA has focused on 
pavement md bridge condition 
indkators ea determining few kt . 
eligibility to transfer IM funds. 
The W A  has selected Intarstate 

pwement condition indicators (surface 
rnufums, rutting, and faulting) and 
bri ge coditicm indiceors (bridge deck 
condition and the need for load posting) 
for evaluating State's reqwsts to transfer 
IM funds under the provisions of 23 
U.S.C 119(I)(1), These indicators are 
collected and used by the States in 
evaluating the condition of the Interstate 
for their own management p u r p o a  
They ara generally incorporated into 
State pavement and bridge management 
systems and the national bridge 
inventory and highway performance 
monitoring sys&m. 

selected by& FHWA, is based on 
consideration of research efforts that 
relate actual roedways with a known IRI 
with the public's perception of ride 

uality. A recent study conducted for 
%e FHWA indicated that objectively . 
developed IRI numben could be : 
mathematically correlated with t. 
subjectively developed pavement 
serviceability ratings a (PSR) generated 
by anels of road usem This work P inc uded mathematical formulas that 
allow conversions between IRI readings 
and anticipated roed user evaluation of 
pavement prfonnanea (I.8.. PSR). 

Convarslor! formulas 3 indicate that an 
IRI of 240 an per km correlates to a PSR 
range of between 3.0 and 3.5, which is 
sLightly greater than the 2.5 to 3.0 PSR 
range associated with terminal 
serviceability br interstate highway 
pavemenk4 
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Rutting 
The M A  has established 15 mm (5'8 

inch) as the upper allowable limit of 
rutting. 

The American Association of State 
Highway and Transportation Officials 
(AASHTO) Highway Subcommittee on 
Construction surveyed State highway 
agencies in 1900 on rutting. The s w e  
revealed that for State maintained ma&. 
l/.r inch rutting would initiate 
rehabilitation in about 35 percent of the 
States. An additional 35 percent of the 
States indicated that 51s inch of rutting 
would initiate rehabilitation. The 
"Highway Pavement Distress 
Identification Manual" (HPDIM) 
classifies l/z to 1 inch of rutting as  
moderate severity. 

The FHWA 15 mm (% inch) criterion 
is consistent with the performance 
levels expected on the Interstate System. 
Fau king 

The FHWA has established two levels 
of faulting criteria that are related to 
pavement type. The FHWA has 
established an upper limit on faulting of 
3 mm ('/a inch) on jointed plain conmte  
pavements (JPCP), and an upper limit 
on faulting of 6 mm (I/. inch] on jointed 
reinforced concrete pavements (JRCP). 

Generally, State highway agencies 
consider faulting to be objectionable in 
the Vn to inch range. The HPDIM 
classifies faulting between i / ~ s  and % 
inch as moderate severity. The 
"Pavement and Shoulder Maintenance 
Performance Guides," August 1984, 
FHWA publication number TS-84-208, 
indicates faulting should be repaired at 
I/* inch. A copy of TS-84-208 is 
available for inspection in FHWA 
Docket No. 93-10. 

The FHWA selected a lower level of 
faulting for JPCP than for JRCP because 
JPCP joints occur more frequently. The 
levels selected are consistent with the 
higher expectation the traveling public 
associates with Interstate highways. 

Pavement Data 
Procedures for developing IRI are 

currently well defined in the guidance 
provided in the "Highway Performance 
Monitoring System (HPMS) Field 
Manual," Appendix J "Roughne~~~ 
Equipment, Calibration and Data 
Collection." This document is widely 
available in planning sections of State 

a t e r m i d  wnicsrbilily Lnda of 2.S to 3.0 la &on 
suggested for w b tha design of nupr highways. 
A copy of thAr publkatioo is rv.ilrMa f a  
inspoctim In FHWA Dock.( No. 8)lO. 
' Tha "Highmy Pavmant Dirtrwr Idenlificrtioa 
Md, US DOTIFIWA. DOT-M-11-917S/ 
NQiRP 1-19. MU& I979 mprintd ?.bnruy 1- 
Thu Publiurioo tr rvrilable for inrp.chon Ln 
FHWA Dockat No. 93-10. 

highway agencies and the FHWA 
division offices and a co y of this 
publication is available i r  inspection in 
FHWA Docket No. 93-10. IRI data are 
collected annually and reported to the 
FHWA under the HPMS program. 

The FHWA pavement policy, (23 CFX 
part 626) requires each State to have an 
operational pavement management 
system (PMS) for principal arterials 
(which includes the Interstate system) 
in place by January 13.1993. 

The FHWA envisions that the States 
will assemble necessary pavement 
surface roughness, rutting, and faulting 
information from data currently 
available in the States' PMS database(s) 
and h r n  information reported in 
HPMS. 

The FHWA division offices will work 
with the States in identifying acceptable 
procedures for measuring and compiling 
the data availabIe from the States' PMS. 
Data supporting each State's IM transfer 
request will be made available for 
inspection by the FHWA. 
Bridge Condition Indicators a 

The FHWA will use the current 
national bridge inventory (NBI) bridge 
deck condition rating (item 58) and the 
rating indicating whether the bridge 
requires load posting (item 70) as 
indicators of Interstate bridge condition 
for purposes of evaluating States' 
requests for IM transfer. The NBI ratings 
are determined in accordance with the 
"Recording and W n g  Guide for the 
Structure Inventory and Appraisal of the 
Nation's Bridges" (Coding Guide) US 
DOTIFHWA, December 1988. A copy of 
this publication is available for, 
inspection in FHWA Docket No. 93-10. 
Bridge Decks 

The FHWA will require that bridge 
decks have a condition rating (item 58) 
of 5 or better. 

Bridge decks are rated in item 58 on 
a scale of 0 to 9 with a rating of 9 
representing a bridge deck in excellent 
condition. A Coding Guide deck rating 
of less than 5 indicates a poor condition 
with the deck showing deterioration and 
spalling. In relation to pavement 
roughness, a deck with a rating less than 
5 is considered a rough deck that would 
not provide a reasonably smooth ride. A 
deck rating of less than 5 is a long- 
standing condition rating used to 
determine a structurally deficient 
bridge. 
Posting 

The FHWA will require that NBI item 
70. for load posting, must be a rating of 
5. 

The National Bridge Inspection 
Standards (23 CFR part 650, subpart C) 

require the posting of load limits only 
if the maximum legal load in a State 
produces stresses in excess of the 
operating stress levels. The operating 
stress level will result from the absolute 
maximum permissible load to which a 
bridge may be subjected. Coding Guide 
item 70 of the NBI is the item for bridge 
posting, and a State's rating of 5 
indicates that no posting is required at 
the operating level, 

Load posting of a bridge reduces the 
level of service of the system of which 
the bridge is an integral part and can 
potentially disrupt interstate and 
intrastate commerce. Heavy vehicles 
may be required to take long detour 
routes thereb indirectly adding to the 
costs the must bear for goods and 
services. Load posting of a bridge may 
also be an indicator of a bridge's 
superstructm or substructure capacity 
that may have been affected by 
continual and long term deterioration of 
the bridge's elements and which could 
have been prevented or abated by 
adequate preventive maintenance. 

Policy 
For the purpose of 23 U.S.C. 119(f)(l), 

which provides for transfer of M funds 
ap ortioned to the States, the FHWA 
wifl accept a State's ce,ification if the 
State's Interstate routes meet the 
following criteria: . . 
Pavement i. 

(1) An IRI of 240 cm per km (150 
inches per mile) or less; 

(2) Rutting of 15 mm (518 inch) or 
less; and 

(3) Faulting of 3 mm (118 inch) or less 
on JPCP and 6 mm [1/4 inch) or less on 
J R a .  
Bridges 

(I) Bridge decks in "fair condition" or 
better (Coding Guide item 58 rated 5 or 
better); and 

(2) No load posting required (Coding 
Guide item 70 rated 5). 

In the event that the condition, as 
reflected by current condition data 
bases, for any ent of Interstate 
pavement or bz does not meet the 
required criteria, the State's request for 
funding transfer may later be approved 
only if the State certifies that the 
deficient segments have been 
subsequently upgraded to meet the 
required criteria or that the work 
necessary to correct any such deficient 
segments is included in the approved 
State Transportation Improvement 
Program, required by 23 U.S.C. 135U). 

Section 119(f)(2) of title 23 U.S.C. 
allows the Statm to "unconditionally" 
transfer up to 20 percent of unoblinated 
M rppartiooed furrds bemi solely on 
the of the Stater. 

A u m  23 U.S.C 119 and 315; 49 CPR 
1.48(b). 

Isrued on: Pebntary 24,1993. 
E. lk.nCuLoP. 
Executive Dirtctor, F e d d  Highwoy  
A dministmtion. 
IFR Doc 934809 Filed 3-243: 8:45 am1 
B ( w  COOC (O1sa-m 
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Memorandum 

Suolec' ACTION: L i  fe-Cycle Cost Analys is  

Chairman, PMCG 

Date 

To PMCG Members (See Attached L i s t )  

A L i f e -Cyc le  Cost ing (LCC) Task Force has been formed i n  response t o  LCC 
i n t e r e s t  expressed by t h e  FHWA Research and Development Execut ive Board a t  i t s  
1991-92 w i n t e r  meeting. The Task Force cons i s t s  o f  representa t ives  from the  
Associate Admin is t ra to rs  f o r  P o l i c y  (HPP-12), Research (HNR-20), Program 
Development (HNG-42), Motor C a r r i e r  (HIA-20) , and Admini s t r a t i o n  (HCP-22). 
The Task Force miss ion i s  t o  develop reconmendations f o r  t h e  Research and 
Development Execut ive Board on appropr ia te  ways t o  i nco rpo ra te  LCC ana lys i s  
i n t o  t h e  Federal - a i d  highway program, as w e l l  as t h e  necessary LCC research, 
development, and t r a i n i n g  needs. 

r' Attached f o r  your rev iew and comments i s  a d r a f t  o f  t h e  Task Force's 
p r e l  im inary  study paper, " L i  fe-Cycle Cost ing and L i f e -Cyc le  Cost Analys is :  
App l i ca t i ons  Wi th in  FHWA and The Federa l -a id  Highway Program." We are 
schedul ing a presenta t ion  and d iscuss ion  pe r iod  o f  t h e  Task Force's i n i t i a l  
e f f o r t  a t  t h e  nex t  PMCG meeting. We are seeking PMCG reac t i on ,  i n p u t  and 
suggest ion f o r  improvement necessary t o  o b t a i n  PMCG endorsement o f  a course o f  
a c t i o n  p r i o r  t o  p resent ing  ' the task  fo rce  f i n d i n g s  t o  t h e  Execut ive Research 
Review Board on October 22. 

We would apprec ia te  r e c e i v i n g  your  comments by September 28. M r .  Jim Walls 
has been designated t o  c o o r d i n a t e ' t h i s  e f f o r t  and i s  a v a i l a b l e  t o  address any 
quest ions you may have o r  c l a r i f y  any proposals conta ined i n  t h e  p r e l i m i n a r y  
study. M r .  Wal ls can be reached a t  366-1339. 
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Execut i ve Smart  

In response to interest expressed by the FHWA Research and Development Erecut i ve 
Board in Li fe-Cycl e Costing (KC), the Pavement Management Coordinating Group 
(PUCE) established an internal LCC Task Force consisting of representatives from 
the major affected. Associate Administrators. The Task Force was specifically 
charged with devel oping recomnendat ions on appropr'i ate LCC research needs. 

Fundamental to accomplishing its primary tasking, the Task Force had to first 
identify current and potential FHWA LCC appl ications along. wi th some fundamental 
pol icy impl ications. The Task Force also looked at the LCC impl ication of the 
ISTEA. This paper includes the Task Force's preliminary efforts in this area. 

In terms of its specific tasking on LCC research needs, this paper identifies 
relevant LCC issues and 1 imitations. It lays out research approach options and . 
a plan of action. 

Based on its ini ti a1 efforts, the Task Force proposes two separate but concurrent 
LCC efforts; an internal LCC pol icy development effort and a two-phase LCC 
contract research effort. The pol icy development effort, a1 though internally 
directed, would most likely require some outside contractor support. 

Under Phase I of the contract research effort, FHWA would contract with several 
companies to provide inter-disciplinary teams to define and clarify LCC issues 
and necessary research. Phase I work would include development of detai 1 ed work 
pl ans that address the identified LCC research needs. Under Phase 11, FHWA would 
continue to fund a more 1 imited number of mu1 ti-discipl inary research teams to 
actual ly conduct the more promi sing research activities identified in Phase 1. 

The results of this proposed mu1 ti -phase research effort and the internal pol icy 
development effort would eventually be digested into FHWA guidance on LCC. This 
final step would most likely be done with in-house staff using consultant 
support. 

The Task Force stresses from the onset that the outputs of life-cycle cost 
analysis (LCCA) are not decisions in themselves; but rather inputs into the 
decision making process. 

A draft copy of this paper was circulated to the  PMCG and discussed at the !as? 
July 14 PMCG meeting. The draft paper has been revised to incorporate their 
views and comnents. 

The Task Force at this point has not made contact with any o f  FHWA's partners 
and/or customers. Consistent with FHWA's outreach program, the Task Force 
suggests that appropriate outside groups be contacted before research funding 
decisions are made. Groups such as the American Trucking Association and the 
Association of American Railroads have conducted research in this area and are 
1 ikely to have a keen interest i n  FHWA's efforts. Industry groups such as NAPA, 
AI, PCA, plus ARTBA would a1 so be interested. 



A ~lfe-Cycle Costlng (LCC) Task F o ~ e  was formed by Hr. Louis Papet, C h a j m  of 
the MC6, in response to LCC interest expressed by the Research and b v e l o m n t  
Executtvr Board 8t  i t r  1991 - 92 winter meeting. Thc Task Force 1 s ,~olrposd of 
representatives. from the Associate Administrators for Pol icy (HPP-12). R e s e a ~ h  
(HNR-ZO), Progrim lkvelopnent (HN6-42), Motor .Carrier (HIA-ZO), a d  
Administration (HCP-52)'. Specific fa$& Force members include: 

Jim Walls HNG-42 (Office of Engineering, Pavements Division) 

Byron Lord HNR-20 (Off ice of Engineering, Highway Operations 
Research and Development, P a v m n t s  Division) 

Walt Manning HPP-12 ( O f f  ice of Pol icy Development, Transportation 
Studies Division) 

Dennls Miller HIA-10 (Motor Carrier) 

Frank Yaltos HCP-32 ( O f f  ice  of Contracts and Procurement 
Research and Speci a1 Programs Divi st on) 

The Task Force mission is to develop .recornendations for the FWA Research and 
Devel opment Exccut i ve Board on appropriate ways to incorporate LCC malysi s into 
the Federal-aid highway program, as well as the necessary LCC research, 
devel opment , and training needs. 
This study paper first defines LCC, LCC analysist and cost effectiveness. It 
then discusses potential LCC appl icrt'ions ~ 4 t h  thelr fmplications. This 
discussion i s  followed by a sumnary of current policies and 8 look at new LCC 
mandates. General LCC technical and pol lcy related issues and limltrtlons are 
then discussed. In the cqosing secttons, the paper discusses potentlal 
approaches to determining and conducting needed research and training necessary 
to implement LCCA, and finally, the last section presents recoarnendations on the 
preferred course of action. 

pef ini t ionp 

Current 1 i terature loosely defines 1 iie-cycle costing/l ife-cycle cost analysis 
as a form of economic analysis which focuses attention on determining the longer 
term economic imp1 icat ions of a1 ternative strategies rather than merely the 
initial or front end costs of the immediate decision at hand. It is a tool that 
can be used to assist in making economically prudent long-tern expenditure 
decisions, i .em, cost-effective investment decisions. 

The Task Force believes the terns "life-cycle costingn and "life-cycle cost 
analysi s a  are synonymous. However, 1 i fe-cycle cost analysis is more descriptive 
of the inherent analytical process and, as a result, the remainder of this paper 
uses the tern life-cycle cost analysis (LCCA). 



A re la ted  tern, cost  effectiveness, a1sobhas bearing i n  terns of FHA .pol jcy. 
Cost effectiveness i s  an economic re1 ated masure (general ly r a t i o )  t ha t  
descr i  bes how we1 1 an a l te rna t i ve  meets a performance type ob ject ive in. nl a t  ion 
t o  the cost  o f  achieving t h a t  performance. The cost component of cost- 
effectiveness measures . should general ly re f lec t  1 i f e - cyc le  cost. fhe 
at t rac t i venes t  o f  using cost-effectiveness measures i s  based on i t s  a b i l  i t y  t o  
tie cost . t o  performance. For example, a cost-effective measure i n  the safety 
area might be cost/accident reduced. In terms of pavements, i t  could be cost per 
ESAL car r ied  u n t i  1 terminal serviceabi l  i ty  i s  reached. 

As wel l  as de f in ing  what LCCA and cost effectiveness are, i t  i s  equal ly important 
t o  define what they are not. The Task Force stresses from the onset t ha t  the 
outputs o f  1 i f e - cyc le  cost analysis are not  decisions i n  themselves; but ra ther  
inputs i n t o  the decisionmaking process. 

LCC  ADD^ i cat1 ons 

The Task Force sees two d i s t i n c t  areas where LCCA could be applied w i th in  FHWA, 
i .e., i n te rna l  and external appl icat ions.  .The FHVA can use i n te rna l  appl lcat ions 
t o  support decisionmaking a t  the nat ional  leve l .  External appl i ca t ions  are thrrse 
re1 ated t o  the Federal -a id  highway program. Y i t h i n  each area there are mu1 t i p l e  
app l i ca t ion  p o s s i b i l i t i e s .  

In terms o f  the Federal-aid highway program, there are several po ten t ia l  decision 
1 evel s where highway agencies could -apply LCCA. These decis ion l eve l s  include 
but are not  necessar i ly  l i m i t e d  to: 

State Wetwork Analysts - To evaluate t o t a l  funding needs and t o  
determine resource a1 l oca t i on  1 evel s f o r  the- various systems, p ro jec t  
categories, o r  improvement types i n  re1 a t i on  t o  estab l  i shed system 
wide perfomance goal s. The 'LCCA can a1 so be incorporated l n t o  the  
various management systems requi  red by the ISTEA. 

Pro ject  P r i o r i t i z a t i o n  - To Compare the mer i ts  o f  funding one p ro jec t  
i n  l i e u  o f  another. 

Pavement Design - To ass i s t  i n  pavement type se lect ion and t o  
evaluate the marginal r a t e  o f  r e tu rn  f o r  prov id ing premium i n  l i e u  o f  
standard pavements. 

Matertal  s Speci f l c a t i o n s  - To compare the use o f  imported premium. 
aggregate versus 1 ower qual i t y  , but 1 ocal l y  avai 1 able- aggregate. 

Total  Qua1 i t y  Hanagement - To evaluate the long-term impact o f  
i ncreased a t t en t  ion  t o  qual i t y  cont ro l  . For example, increased 
expenditure f o r  research and tes t i ng  equipment may qu ick ly  pay f o r  
i t s e l f .  

Operational Analysis - To evaluate catch basin c lean out po l icy ,  the 
type and app l i ca t ion  ra tes  o f  d e - i c i n g -  chemicals, use o f  cathodic 
protect ion,  e tc .  



Internally, the FHUA a1 ready incorporates cost-effective considarations' in terns 
of national level policy development and analysis o f  rl'temate i n v e s m t  
strategies. The Associate Administrator for Policy incorporates uny  aspects 
of 1 ife-cycle -costing malysis during development of the biennial report to . Congress, 'Strtus*of the Nations HIghway and Bridges. ' Some LCC principles have 
been and nore will be included in cost allocation =studies and in developfng and 
evaluating I egi sl at i ve proposal s. 

Externally, the F W A  does not specifically require State highway agencies (SHA) 
to conduct 1 i fe-cycle costing or economic analysis in support of el ther program 
or project level decisions as a precondition f o r  federal-aid funding. This is 
not true for other US DOT Modal Administrations. 

The Federal Trans* t Administration (FTA) requires devel opmant of cost- 
effectiveness measures based on 1 i fe-cycle cost analyst s in support o f  grant 
appl ications for Section 3 discretionary money. Thls requirement, called an 
Iternatives Analvsis, must be conducted by applicants at the Draft EIS stage, 

tnd the results must be included in the Draft €IS. This Alternatives Analysis 
requirement has been in place for many years, and the FTA has developed and 
pub1 i shed specific procedural guide1 ines on h w  to conduct it. 

In contrast, the FHUA has administered a fornula based rather than a 
discretlonary program and has encouraged rather than mandated LCCA in the State 
and local decisionmaking process affecting Federal-atd highway funds. While FHUA 
will continue to administer a predominately formula based program, FHUA now 
administers some discretionary programs. The LCC would appear to have a more 
substantive roll in discretlonary programs. 

The FHUA, in its pavement pol icy, requires SHA's to have a pavement managemnt 
systems (PMS). In that policy, FHWA defines PMS as a sat of tools for finding 
cost-effective strategies. 

A t  its March 8- 10 meet 'lng, the Research - and Technology Coordinating Comi ttee 
devel oped comnents on the FHUA R&T program. Among other coaments, the conuni ttee 
noted that, ". . . the lack o f  attention to life-cycle costs and benefits is a 
major impediment to the utilization of highway related technologies. Particular 
effort shoul d be made in the research program to develop novel, user-friendly, 
and robust methods and tools for life-cycle costinga 

J STEA LCC Provl s 1 ony 

The Intermodal Surface Tnnsportat ion Efficiency Act (ISTEA) of 1991 specifically 
addresses LCC under sect ions 134 ( f) (12) and lX(c) (20). These sections require 
that the metropol i tan and statewide pl anni ng processes incorporate consideration 
of several factors including "the use of life-cycle costs in the design atid 
engineering of bridges, tunnel s, or pavement. " 

Cost effectiveness i s referenced in sect ion 119, Ynterstate Maintenance 
Program." Under subsection 4, it establ ishes eligibility when a 'State can 
demonstrate . . . that such activities are 3 cost- effective means . . ." 



- The ISTEA a1 so addresses LCCA i n  n A l  s Section 3(ie) prograh. ' ~k 6 v i  s l&s both 
weaken and strengthen the  app l i ca t i on  of LCC i n  RA 's  A l t e rna t i ve  Analysis. 
While t h e  l e g i s l a t f o n  s p e d f  i c a l l y  exempts c e r t a i n  met ropo l l tan  aieas frola 
~l terna t i ves  Analysis requ i  re-nts, i t  strengthened the  A1 t e r n a t i v e  Analysis 
requ i rewnt s i n  non exempted areas. 

- 
One aspect o f  - t h e -  ISTEA t h a t  presents somwhat -04 a d i l e m a  f o r  LCCA i t  the 
requ i  rement t o  develop and imp1 ement several management systems. While cur rent  
experience revea ls  t h a t  PHS's can be used t o  f o s t e r  systematic decis ions based 
on l i f e - c y c l e  costs, few i f  any, e x p l i c i t l y  incorporate user costs o r  the t ime 
value of money. Most focus on maximizing performance .based on f jxed budgets. 
Even i n  those highway agencies t h a t  have PMS'S i n  which budget . level  and 
performance impact are d i r e c t l y  re1  ated, t he  
u l t ima te  budget decisions. 

LCC Analvsls Issues 

Each LCCA appl t c a t  i o n  w i  11, t o  vary ing degrees, 
However, some o f  the  w r e  obvious fundamental 

systems have l i t t l e  t o  do w i t h  

have i t s  o m  s p e c i f i c  LCC issues. 
i ssues inc lude determining: 

a) t he  appropr iate 1 i f e  cyc le  and ana lys is  per iods 
b) the  a1 t e rna t i ves  t h a t  should be inc luded 
c )  t he  perfomance h i s t o r i e s  o f  t he  a1 t e rna t i ves  
d) t h e  cos t  f ac to r s  t o  be inc luded 
e) t h e  ac tua l  costs  o f  t he  var ious cos t  f ac to r s  
f) t h e  appropr ia te  d iscount  r a t e  . 

Procedural issues are  a l so  a concern. It inc lude  concerns over how: 
.- =.--+ 

' C * .  : -- - L .  

(a) i n f l a t i o n  i s addressed? 
(b) s e n s i t i v e  t h e  r e s u l t s  are  t o  t h e  discount  r a t e?  
(c)  performance h i  s t o r y  va r i a t i ons  are  addressed? 
(d)  Agency Costs and User Costs are incorporated? 
(e) SHAs can capture and re - inves t  user cost  savings? 

Technt c a l  . Pol l CY and Procedural Issues and Llml tations 
- 

Lea i t ima te  Subjec t ive  I n ~ u t p  

Being a form o f  economic ana lys is ,  LCCA has a l l  t h e  strengths, weaknesses, and 
1 im i t a t i ons  o f  t r a d i t i o n a l  economic analysis.  Foremost among the  weaknesses i s  
the f ac t  t h a t  LCCA includes many techn ica l  assumptions and p o l i c y  r e l a t ed  
pos i t i ons  which d i r e c t l y  i n f l uence  the outcome o f  such ana lys is .  The assumptions 
and po l  i c y  inpu ts  necessary t o  conduct an analysi 's can be very  sub jec t i ve  and 
h i g h l y  suscep t ib le  t o  c r i t i c i s m  from a11 p a r t i e s  impacted by t he  analysis.  

Technical assumptions and p o l i c y  inpu ts  must be c l e a r l y  i d e n t i f i e d  along w i t h  
support ing r a t i o n a l  . Rat ional  1 i m i  t s  o r  acceptable ranges should be es tab l  ished 
f o r  techn ica l  i npu ts  and po l  i c y  re1 ated assumptions. Sensi t i v i  t y  ana lys is  should 
be conducted w i t h i n  t he  acceptable ranges t o  evaluate t h e  in f luence  o f  t he  
parameter being considered. 



Another loportant LCC' issue i s  assuring consideration o f  r broad. rmge  of 
altmmatives. The U C A  cannot be used t o  evaluate the economic w i  s d w  of a 
par t i cu la r  a l t e rna t i ve  i n  md o f  i t s e l f .  I t  can -on ly  evr luate the m l a t l v e  
mer i ts  between -11 ternatlves. As such, incorporating dl v iab le  r l  tema t l ves  i s  
essanti a1 . Thl s'- should include prmi sf ng new. rpproades md trchnoloqy. 
Unfortunately, estimating the perfomance l i v e s  o f  a l ternat ives,  1s a t  best, both 
m a r t  and a science even when h i s t o r i c a l  data i s  avai lable. Untr ied but 
promi sing a1 ternat ives inherent ly incorporate greater r i s k  than the t r i e d  and 
true. This addi t ional  r i s k  has t o  be addressed. 

Private industry incorporates r i s k  through the selection o f  appropriate-discount 
rates. Risk ier  pro jects  (investments) require prospects o f  greater (general ly 
3.5% more) return.  The SHA e f f o r t s  i n  developing PM Systems and SHRP LTPP 
research w i  1 1 devel op a be t te r  understanding o f  pavement perfomance 
re1 ationships and should help in  reducing r i sk .  

Perfonance Eauivalcncy 

Imp1 i c i  t i n  economic analysis i s  the assumption tha t  performance di f ferences 
between a l ternat ives can be c lea r l y  defined, captured, and re f l ec ted  i n  the 
analy t ica l  resu l ts .  While t h i s  i s  t rue  f o r  s o w  aspects, i t  i s  not  always the 
case. A l l  alternatives which have -the same wuseful 1 t f e r a  i n  trru o f  e i t h e r  
years o r  loadings, do not  necessart ly provide equlvr lent  performance over t h a t  
"useful I t fe. " 

For example, two competlng pavement rehabf l  i t a t i o n  a1 ternat lves with the s w  
pavement 1 i f e ,  nay very wel l  deter lorate d i f f e ren t l y .  If  t h i s  i s  the case, then 

r' they w i l l  provide d i f f e r e n t  l eve l s  o t  service over t h e i r  useful l i v e s ,  even i f  
they reach the same terminal se rv i ceab l l i t y  a t  the' same t ime (see figure 1). 

1 A1 ternat i ve A 

- 
2 i 6 0 10 12 . 14 16 18 

Time/ESALS - ->  
Figure 1 Pavement Performance H ls to r i es  



on-costab l t  and Noh-auant i f i  a b l e  . . . . 

I n  any economic m a l y s i s ,  the re  are, genera l l y  speaking, non- costable a d  non- 
quan t i f i ab le  elements that ,  none-the-1 es& need t o  be considered fn t he  deci  t i o n  
lnaking process. The how and the  degree t o  whlch t h e  non-costable a d  non- 
quan t i f i ab le  etepents are addressed i s  a major issue. While broader scope 
ana lys is  are  more complete, they are  no t  necessarf ly  more accurate. 

The degree t o  which cu r ren t  and future costs and benef i ts  can be accurately 
est imated severely l i m i t  t he  a b i l i t y  of LCCA t o  d i s t i n g u i s h  between of 
a1 te rna t i ves  when LCCA reveals 1 i t t l e  economic d i f fe rence.  When LCCA r e s u l t s  are 
r e l a t i v e l y  c lose ( w i t h i n  10-20% of one another) r e l a t i v e  r i s k  and other 

' considerat ions t a k e o n g r e a t e r ~ i g n i f i c a n c e ~  

yser  Costs 

Highway user costs, p a r t i c u l a r l y  t r a v e l  t ime o r  delay cost, have been 
con t rovers ia l .  While they may be d i f f i c u l t  t o  quan t i f y  and p r i ce ,  const ruc t ion 
imposed t r a f f i c  delays have become, and are 1 i ke l y  t o  continue t o  be., an ever 
increas ing burden imposed on the pub l ic .  

Current ly ,  highway agenctes have 1 i ttl e economic tncent  l v e  t o  se lec t  a1 t e rna t f  ves 
t h a t  minimize t o t a l  (agency p lus  user) LCC. The a l t e r n a t i v e  w t t h  the  lowest 
t o t a l  l i f e - c y c l e  cost  may w e l l  be the  one t h a t  has t he  lowest  user cost  but, a t  
the same time, t h e  h ighest  agency cost.  Because the re  are  no r e a d i l y  ava i lab le  
mechanisms f o r  highway agencies t o  t ransform reduct ions i n  user costs t o  
addi t i  onal highway investment c a p i t a l  , the cu r ren t  system encourages highway 
agenctes t o  minimize agency r a t h e r  than t o t a l  costs. Th is  tends t o  r e s u l t  i n  
s i g n i f i c a n t  sub-opt imizat ion o f  t o t a l  poss ib le  benef i ts .  _ . 

--  - 
. . . .- . . ._ -- 3 c; ? . 

This issue i s  addressed t o  some extent  by r equ i r i ng  f u l l  maintenance o f  t r a f f i c  
on heav i l y  t rave led  routes.  Highway agencies are a l ready paying a premium on 
c e r t a i n  p ro j ec t s  f o r  1 i m i  t i n g  the cont rac tors  hours o f  operat ion and/or e laborate 
t r a f f i c  detours. Highway agencies need t o  an t i c i pa te  t h i s  t rend  and incorporate 
h igher  f u t u r e  r ehab i l  i t a t i o n  cost  i n  cu r ren t  1 i f e - c y c l e  cos t  analysis.  

Marsinal C o s t s  - 

The LCCA i s  genera l l y  used as a means o f  determining t he  most economically 
e f f i c i e n t  (some t imes the  cheapest) p r o j e c t  from among a se t  o f  a l t e r n a t i v e  t h a t  
adequately meet the minimum performance requirements. Th is  may we l l  be shor t  
s ighted.  Highway agencies need t o  look a t  marginal costs, espec ia l l y  when 
re1 a t  i ve l y  modest t o t a l  cost  increases make s i g n i f i c a n t  d i f fe rences  i n  
performance and o r  serv ice  1 i ves . Premi um pavements may be economically 
j u s t i f i e d  i n  areas w i t h  no a l t e r n a t i v e  routes f o r  maintenance, r e h a b i l i t a t i o n ,  
and/or recons t ruc t ion  a c t i v i t i e s .  

Pi scount Rate 

As a minimum, model LCCA procedures should incorporate  t he  t ime value o f  money 
and d iscount  f u t u r e  cost  and bene f i t s  t o  a comnon t ime. A s  j u s t  noted, such 
procedures must i nc lude  i n t e r n a l  (highway agency), as we l l  as ex terna l  (user) 



. .costs a t r o c i i t e d  with a - h l b h r y  f a d l i t y  over 1ts intended &fuf I f f a ,  such 
- procedures, howaver, would have t o  provide guidance on how t o  d i a l  ~ l t h  the 

highway agency's i n a b i l  i t y  t o  c l p t u t e  user cost  saving f o r  future 

r' 
- 

1 o be practical , ' LCC4 .must k conducted us h g  procedures t h a t  recognfze the 
pol  tcy issues tha t  influence t h e .  analysis and expl l c l t l y  document the p o l i c y  
p o s j t i ~ n s  taken i n  the analysis. The FHYA docs not cu r ren t l y  have LCCA 
procedural guidel ines.  I f  the  FHUA intends t o  use LCCA i n t e r n a l l y ,  i t  needs t o  
es tab l i sh  procedures governing such app l t ca t~ons .  If, on the other hand, FHUA 
expects t o  encourage considerat ion o f  LCCA I n  Sta te  and l o c a l  highway agency 
decisions a f f e c t i n g  Federal - a i d  highway funds, FHYA wlll need t o  establ  i sh LCCA 
procedural gu ide l  i nes . From a technical  aspect, model procedures should iden t  i fy 
and evaluate a1 1 v i ab le  a l t e rna t i ves  and re levant  cost  fac tors .  They should 
incorporate techniques f o r  developing accurate cost, performance, and se rv i  cc 
l i v e s  o f  i d e n t i f i e d  a l te rna t i ves .  

41 ternate A~~roaches 

Uhl le  the  Task Force has been able t o  I d e n t i f y  areas where LCCA research would 
be productive, i t  be1 ieves a more comprehensive look  a t  t he  e n t i r e  process as 
appl ies t o  highway investment decisionmaking i s  warranted. The Task Force 
fur ther  be1 ieves t h a t  i n t e g r a t i o n  o f  the  many debatable pos i t i ons  i n t o  a coheslve 
p o s i t i o n  on t h e  appl i c a t i o n  o f  LCC and appropr iate gu ide l  tnes on t he  conduct o f  
LCCA w i t h i n  the  FHWA program would be muck more p o s i t i v e  cont r ibut ion.  

The Task Force a1 so looked a t  developing an in-house working group t o  review the 
1 i t e r a t u n  and i d e n t i f y  and conduct t h e  needed research. The Task fo rce  kl ieves 
FHYA does no t  have s u f f i c i e n t  manpower i n  t h e  appropriate mu1 tl -d i sc Ip l  l na r y  
f i e l d s  ava i lab le  t o  make a s i g n i f i c a n t  contribution ' t o  advancing LCC w i t h l n  FHUA. 
LCC embraces many complex .issues; some are r e a d i l y  apparent, others are more 
subt 1 e. P r i o r  t o  more ac t i ve  FHWA i nvol vement , endorsement, o r  techn ica l  support 
o f  LCC, FHWA sponsored research i s  necessary to :  

(1) more c l e a r l y  define, explore, and reso lve i d e n t i  f led LCC i ssues; 
( 2 )  i den t  i fy  and explore other -important LCC i s u e s  no t  cu r ren t l y  

i d e n t i f i e d ;  and 
(3 )  develop a comprehensive approach t o  incorporate  the  research 

f i nd ings  i n t o  in teg ra ted  procedures f o r  the var ious LCC appl i ca t ions .  

Po1 i CY Reconmendat i ons 

The Task Force recomnends t h a t  FHWA pol i cy  expl i c i  t l y  promote the  long- te rn  cost -  
e f f e c t i v e  use o f ,  Federal funds, both i n  i t s  i n t e r n a l  operat ions and i n  the  
Federal-a id highway program. 

The FHWA should cont inue t o  use LCCA and cost -e f fec t iveness considerat ions i n  i t s  
i n t e rna l  operat ions t o  evaluate the cond i t i on  and performance t rend  o f  the  
Nation's highways, and t o  determine whether o r  not we are  us ing resources t o  the  



The F W A -  should increase i t s  ef for ts t o  encourage, ' supdort , and imp1 m n t  State 
and l oca l  use o f  l i f e t c y c l e  cost  analysis p r i nc ip les  a t  a l l  decis ion levels. 1t 
should develop model LCC guidel  1 nes, bu l l  d i n g  on extensive ex i  s t 1  ng LCCA 
knowledge base inc lud ing t h a t  o f  S ta te  and l oca l  highway agenctes. The FWA 
should make these LCCA guidel  ines avai 1 able t o  highway agencies and requf r e  
consideration o f  LCC i n  the Urban and Statewide Planning processes. The FHUA 
shod d a1 so requi re  the  development o f  LCC and cost -e f fec t  veness infonnat i on as 
par t  o f  each ISTEA mandated management system. 

I n  response t o  spec i f i c  ISTEA LCC requirements, FHWA should focus on program 
rather  than p ro jec t  speci f i c  requirements. The FHUA should provide guidance on 
conducting LCCA, requi re  t ha t  i t  be conducted, and ensure t ha t  the resu l ts  are 
expl i c i  t l y  considered i n  the decisionmaking process. It should ppt become 
involved i n  conducting o r  reviewing/approving actual LCCA's conducted by State 
and 1 ocal highway agencies, even on Federal -a id  highway program funded projects.  

Research Recomnendatiou. . 

I n  order t o  move forkard w i t h  LCCA, . FHWA should i n i t i a t e  research and t ra in ing,  
necessary t o  f os te r  improved LCC analysis a t  al l  decis ion levels.  -. 

Because o f  the financial/economic focus, the research should be conducted by a 
mu1 t i  -d l sc ip l  inary  team tha t  draws on the strengths o f  economists, f inanc ia l  
analysts, and other  appropriate disc' ipl ines, as we1 1 as the  highway engineering 
curnun i ty . - .  . .,-f;- . - * - &  * - a  -: ,L- 5 s 

.... - - . L . 5 . -  2 s  ;- . . .. * -  - 

Because o f  the enormity and.comp1 ex i  t y  o f  'LCCA and the pervasiveness b f  po ten t ia l  
appl i c a t i o n  opportuni t ies,  i t  w i l l  be d i f f i c u l t  t o  formulate a comprehensive 
research work. p l  an w i th  ex i  s t i ng  in-house resources. 

The Task force recomnends t h a t  FHWA pursue a two-phase 
e f f o r t  as fo l lows: - 

LCCA contract  research 

Phase I - a n  i nnovat i ve exploratory r2search a f f o r t  . 
Phase I 1  - a t r a d i t i o n a l ,  i n  depth, de ta i led  research e f f o r t  

i n t o  spec i f i c  LCCA issue areas i d e n t i f i e d  i n  phase I. 

Phase I - E x ~ l o r a t o r v  Research 

The exploratory  research phase would requi re  t h a t  selected cont ractor (s)  develop 
an i n t e r - d i s c i p l i n a r y  team acceptable t o  FHWA tha t  would; 

1. Explore p o l i c y  issues and the impl icat ions o f  various FHUA 
courses o f  act ion.  



2. I d e n t i f y  s*ci f Ic. LCC research needs ass&fated rl t h  the courset 
of ac t i on .  i den t i f i ed .  

3. Develop r deta i led  work plan and cost proposal t ha t  addres&s the 
s p e d  f i c  research needs i den t i  f led. 

Because- o f  the .coaplexity of LCCA, md the r e l a t i v e l y  inexpensive cost 
ant ic ipated f o r  the exploratory research, the Task Force bel ieves i t would 
extremely benef ic ia l  (i.e., cost effective frw a LCC perspective) t o  fund 
mul t jp le  research teams f o r  t h i s  ear ly  stage research. The Task Force envisions 
awardi ng mu1 t i  p l  e contracts under one primary exploratory t e s e l ~ h  contract. The 
exact number o f  exploratory research contracts t o  be funded would be based on the 
responses received t o  the request for  proposals (RFP). 

The Phase I1 research component i s  bas ica l ly  designed t o  carry  out the  spect f ic  
research tha t  w i l l  be proposed i n  the deta i led work plans developed by the i n t e r -  
d i sc ip l i na ry  teams under Phase I. Upon cocnpletion o f  the Phase I exploratory 
research, FHUA would evaluate the research t e u ( s )  f indings and proposed work 
plans. At t ha t  point .  FMA would decide whether t o  fund o f  a l l  o r  pa r t  of the 
research a c t i v i t i e s  i d e n t i f  i ed  by one o r  a l l  the exploratory research 
contractors. The Task Force envisions the Phase I1 component would be an opt ion 
included i n  the Phase I research contract. 

On completion o f  t h i s  proposed two-phase research e f f o r t ,  M A  w i l l  still need 
t o  consol ida te  the various research teams efforts, produce LCCA guide1 ines, and 
where necessary, develop LCCA pol  icy, technical advisories, and possibly 
regulations. The Task Force ieconnnnds tha t  the f t n a l  component would be t o  

f? 
establ i s h  appropriate t ra in ing.  progru(s) .  

Y i  t h  the concurrence o f  the Research and Development Executtve Board, the Task 
Force w i l l  establ i sh a LCCA 'working group t o  develop an RFP consistent w i t h  the 
preceding recomnendat ions. Prel iminary estimates are t ha t  an RFP could be ready 
f o r  ea r l y  FY 93 Funding. Funding f o r  the second phase would not be necessary 
u n t i l  FY 94. 
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Liftcycle Cost An8lyds 

A w n :  ~ k c r a l  Highway 
Administrahon (FHWA). DOT. 
ACnON: Interim policy statement; 
request for comments. 

W M W :  This FHWA policy statement 
on lifeeyde coet uralyrio m) heips 
fulfill Feded  management 
responsibilities for cmriyciag lifecyde 
wst aspects of infrastructlus investment 
decisions under Executive Order 12893, 
"Principles of Federal lnfmstnrctum 
krves;tment" The policy statement 

bor.JpamiMtianrtthr,.barnId* 
b e e n  8SO am. and 3:30 p.m. s t .  
Monday through Friday, ewespt legal 
F d d  holidryr 
Fon Rlrrnrrr w p o r r u ~  CawTm. Mr. 
James W. Mrrch, Chid. Systama 
Analysis Branch, (202) 3668237, or Mr. 
Stwen M. Rochlir. bgrsiation and 
RsguAations Division. (202) 36&1395, 
F d d  Highway Admrnictmtion, 400 
Seventh Stmet SW., Washington D.C 
20590. 

There is an increasing recopition that 
total lifscycie costs of highway and 
transportation invbetmentr must be 
given greater consideration in all phases 
of highway prolpama Executive Order 
12893, b*Principisr of F d e d  
krfrrstructure Investment," quires that 
benefits and # ~ l f  of infiab;tnrcturs 
investment be measured and 
appropriateiy discounted over the full 
life cycle of ooch project. SecLions 1024 
and 1025 of the Intennodal Surfam 
Transportation Efficiency Act of 1891 
(ISTEA) (hb. L 102-240.105 stat. 
1914.1977) also rsquira consideration 
of "the use of lif4cy~ie cc#t in the 
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Total life-cycls artr of rp.d8c . 
facilities may be mray d3. initid 
co~ctiancostrwbsoumrcostrrs, 
cons ided  11 in d tb.1 a bag 
term perspecblve k hrtrn in 
~rosrammtns~ptov-~*~ 
among alternative maint- 
rehabilitation, and -on 
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nevaluated to determine whether they 



100 or more years. The wnsidemtion of 
longer design lives will rsguirr longer 
analysis periods in LCCA. Analysis 

for projects involving other 
modes generally should be long enough 
to cover the full lif cy of the 
inv6stmentde tl=citiar 
would have to be reconstructed if ' - - 
initially constructed to an optimum 

- 

design. These lives would vary 
according to the modal alternative being 
examined. Analysis periods for all 
project alternatives should be the same 

l e g  inclusion of user costs in LCCA 
is particularly controvemial among . 
some States. Part of the controversy over 
user costs is the fact that they often are 
many times higher than agency costs 
and can critically iduenw decisions. 
While all motorists do not value costs of 
delays as highly as do commercial 
travelers, the costs and lost productivity 
to businesses of delays around work 
zones are simply too high to ignore. In 
fact, such delays arguably have a greater 
impact on business than delays 
associated with hadequ~te capacity 
because businesses factor normal 
congestion costs into their plans; but 
delays around work zones generally 
cannot be foreseen and thus are more 
disruptive. Technical advisories to be 
deveio d on estimating user operating 
and dery costs will ad- this i- 
in greater detail. 
In addition to increased delay and 

vehicle operating costs, rehabilitation 
and rnaintenanca activities may result in 
increased accident costs around work 
zones. Technical advisories will be 
developed to assist in estimating 
increases in accident rates associated 
with different types of rehabilitation 
and maintenance activities. The most 
comprehensive information on the coats 
of motor vehicle accidenu is contninad 
in the National Highway T d c  Safety 
Administration's publication, "The 
Economic Cost of Motor Vehicle 
Crashes, 1990." A copy of this 
document is available in the public 
docket for this notice. 

The proper use of the discount rate 
has been an issue for LCCA, cost-benefit 
analysls and other types of economic , 

analysis as well. Among the i s m r ~  are 
the relationship between the discount 
rate and inflation. factors +t affect the 
choice of rates, and how to establish 
rates over a long analysis period. Office 
of Management and Budget (OMB) 
Circular A-94, "Guidelines and 
Discount Rate for Benefit-Cost Analysis 
of FederaI Programs," provides 
guidance on selecting appropriate 
discount rates for economic analyses. 
Since the choice of discount rate can . 
affect relative life-cycle costs, sensitivity 

analyiis may be appropriate if two or often will requin -idelation of a 
more alternatives are close in cotrt. if brord Mgd of dtemtiw) mhabilitation 
streams of costs and benefits among and rsconstnrctlon options and more 
alternatives vary significantly over t h e ,  detailed analysis of potential 
or if the discount rate is outside the alternatives. The potential applicability 
range of discount rates recommended by - and use of LX=CA profiler will be 
O M ' ,  discussed in greater dew in fu- 

The FHWA will develop training and technical advisories. 
technical assistance materials to address 40th- factom. including budgetqm 
issues in LCCA. These materials should environmental. and safety 
supplement guidance on economic considerations, legitimately influence 
analysis techniques contained in highway investment decisions and 
AASHTO's 1977 publication, "A should be considered along with the 
Manual on User Benefit Analysis of results of LCCh in evaluating 
Highway and Bus-Transit . investment alternatives. Lifecycle cost 
Irnprovement~," the "Red Book." in analysis priadpim should b6 ushd in 
the forthcoming update to that conjunction with other appropriate 
publication which was dewloped under mnomic andpris W q u -  in 
National Cooprati~e Highway I h e u d ~  pavement and Mdp mampment 
Program Project 7-12, and in other systems. Systemwide or network 
guidance on U=CA issues. While objectives u well M project level 
additional materids are being concerns should be eonsidered in 
developed. this interim policy statement dsdrionmrrking, md both h k  of 
provides guidanm on p a u p l m  analysis should eonrider lift.cycle 
applicable to highway and structure costs. 
design. 5. Analysis r i h  should be for the 

The FHWA is reviewing its policy on ofh Jty or system of Eadiitiep 
alternative bridge dsdp (53 FR 21637, dd --d should m u n t  for 
June 9,1988) for consistency with'thft. of -10 fu- adom. 
interim bfbcyde anal* POW u Analpis p n i d  d o ~ l d  not be LU thn 
well u with k8CUtive 12893. 75 - [or mior b r i b e  -1, m 
Policy hydraulic sys!em invastmmtr, and not 

The following is FHWA's LCCA 
1- thus 35 yeam for wment 

policy for 
*-mu. LOlqpr  CKL@ urns my ba investment appropriate for tb. NHS or other major 

d - 0  It n P w t s  pndiath.( ,u(, m d d -  
should be followed by States and local 

M ap mprLo transportation agencies in m a k q  - 
program and project investment antidp.c.8thing tfw=* paid 
decisions: should be c o n d d d  in the analysis, 

iacludiq t d i c  control costs during 
1. Life-cycle costs us an imp0-t -tenrnm rehrb;illtrrtim Cdllts of 

consrderation in all highway investmtwt 
decisions. spedal ccmlmmion p d -  

2. The level of detail in LCCA should ~tirrgto--fo~lllCh-=~~l 
be commensurate with the level of 
investment involved and the types of ~e~~&-s ,"~pcaa~a alternatives being d y z d  Investments hdlity L. nd (h. th. on the NHS genedy warrant more 
deuiled ihm on investment decision. it is importent for 
non-NHS routes. Similarly, evaluation the fun- agency to include operating 
of decisions whether to nconrrtruct or by other 
nhabilitate a fadlity mom ~~~pons ib l e  for openting the facilities. 
detailed mal)sis than consideration of 7. 

alternative maintenance strat$sr: vehicle opentins costs, accident costs, 
3. ~ypical l i f w c ~ e  cost ana ysu and deW-mlt* colts immmd 

- profiles may be developed and used as d* mod 
the basis for evaluating alternatives for be in - hd 
generaI types of improve--ts. such as, due 10 d-omtd fi* surfa=* 
consideration of .Iterasti- pavement chUitou mu tin^* and .Cddau 
designs or different types of bridges on dehYS -und .nd t- m.intenanm 
various functional class highways. and consbudon work zmes are all 
Major programs and projects. however, im~rtant* 

8. Futunr q p c y  and w costs ' 
I n b  docurrynt -ll&h br i-bn A d d  b diuvnmtsd'to ~ n t  J p - w  at 40 CFR ~ r c  7. ~ p p n d l x  D. ~t mq value or ~)11vsrted ~ O @ V  ent 

b~ pu=t-d from tb. Am#iorn ArocLti- d . uniform annual carts using appropriate 
SU~O Highway .nd T ~ ~ p o r ~ E L o c r  444 N. -t =ter. m u t  mtm .seleed . 
Gpitol S m t .  NW.. Suite 225. W d i q t o m  DC 
20001. A mpy .L. riU b. .v.ihM. I. tb. p v b k  Should b. CO-t with @ b m  
docket for this notm. provided in OMB C ~ S C U ~  A-94. 





Memorandum 

S~lolect 
INFOMATION: 1991 Intennodal SurfaceTransportatiorbate MAY 2 1  1992 
Ef f ic iency Act (ISTEA) Implementation 
~ n t e r s t a t e  ~a in tenance program 

From Associate Admini s t ra to r  f o r  
Program Devel opment 

AeQrV to 
Artn of HNG- 13 

Regional Federal Highway Admint strators 
Federal Lands Highway Program Admini s t ra to r  

The purpose o f  t h l s  memorandum i s  t o  provlde wr i t ten  guidance regarding the 
provisions i n  the 1991 ISTEA which created the In ters ta te  maintenance ( IM)  
program. 

 authorization^ - Section 1003 

Section lOO3(a) (1) establ ishes the f i r s t  annual authorizations f o r  the 
IM program f o r  FY 1992 through FY 1997, i n  amounts ranging from 52.431 b i l l i o n  
t o  $2.914 b i l l i o n .  

Sectlon 1009 modifled Section 104(b)(S)(B) o f  T i t l e  23, whlch previously 
establ i shed the apportionment formula f o r  the I-4R program. The formula 
remains based on the same factors, lane-ai le (55 percent) and vehicular miles 
of t rave l  (45 percent), f o r  apportioning I M  funds, but the f o m l a  now 
i ncl  udes those In te rs ta te  routes designated under Srctlons 103 and 139(c) 
o f  T i t l e  23 plus In te rs ta te  routes designatrd under 23 U.S.C., Section 139(a) 
before March 9, 1984 (except t o l l  roads not subject t o  a secretar ia l  
agreement as provided i n  Section 105 o f  the Federal -Aid Highway Act o f  1978). 
Section 104(b) (5) (8) o f  T I t l e  23 provides tha t  no State shal l  receive less 
than one-half percent o f  the t o t a l  I M  funds apportioned annually. 

The c e r t i f i c a t e  o f  apportionment o f  FY 1992 funds was tnnsml t t ed  by the 
FHUA Notice # 4510.264 dated December 18, 1991. 

Section 102O(a) reu r l t es  23 U.S.C. 118 and provides tha t  I M  funds shal l  remain 
av r i l ab le  f o r  ob l lga t lon  i n  r State f o r  a period o f  3 years a f t e r  the l a s t  day 
o f  the f i s c a l  yea,' f o r  d l c h  they m authorized. f o r  example, FY 1992 funds 
were apportioned on Dlcefqber 18, 1991, and w i l l  lapse on September 30, 1995, 
and FY 1993 funds w i l l  be apportioned on October 1, 1992, and w i l l  1 apse on 
September 30, 1996. 



Federal Sharq - Section 1021 

Section 1021(a) provides that the Federal share on a l l  I H  projects shall be 
90 percent, except as modified i n  States with sl iding scales. 

E l l a i b i l l Q  - Section 1009 

Section lOOg(e) (5) mends 23 U.S.C. 119(a) to permit the Secretary to approve 
In funded projects for resurfacing, restoring, and rehabil i tating routes on 
the Interstate System designated under Sections 103 and 139(c) o f  T i t l e  23, 
and routes designated pr ior  t o  March 9, 1984, under Section 139(a) and (b) of  
T i t l e  23. 

Section 1009(e) (3) amends Section 119(c) o f  T i t l e  23 to establish types o f  
work e l ig ib le  fo r  I M  funding. The section has been interpreted t o  include as 
e l  igible, those work items which provide for 3R work on existing features on 
the Interstate route and i t s  interchanges and grade separations &!thin nonal 
Vouchdom 1 i m i  ts. For example, the rehabil i ta t ion o f  existing madside 
hardware may include IU funding for work such as bringing old guarurail up to 
current standards, maintenance o f  impact attenuators, refurbi shing exi sting 
t r a f f i c  control signs, pavement markings, and other devices, etc. However, 
excluded from e l i g i b i l i t y  for  IN funding are a l l  new work elements, such as 
new interchanges, new ramps, new rest areas, new noise walls, or other work 
whlch does not resurface, restore, or rehabil i tate an existing element. 

Existing bridges (including over crossing structures) may be replaced with 
In funds, provided they meet the structurally deficient c r i t e r i a  of  the 
bridge program. Bridges c l  assi f led as functional 1 y obsolete may a1 so' be 
replaced with IH funding, except that capacity expansion elements should be 
subject t o  the 1 ini tations discussed i n  the following paragraphs. 

Section 1009(a) prohibits IN funding for  the portion o f  the cost o f  my 
project attr ibutable t o  the expansion of  the capacity o f  my Interstate 
highway or bridge, except fo r  the addition o f  high-occupancy vehicle lanes or 
auxil i ary 1 anes (such as truck c l  imbtng lanes). 

I n  detemining what porttan o f  a project i s  e l ig ib le  fo r  I U  funding and what 
portion i s  capacity expansion (and, therefore, not e l ig ib le  for  I M  funds), the 
basic purpose o f  the project should k considered. I f  the project i s  a 
combination o f  preservation and capacl t y  expurslon, the cost should be spl i t  
with 3R items e l ig ib le  fo r  IM fundlng and capacity expmsion items e l ig ib le  
fo r  other funds. I n  detemining the spl it, i t  may be helpful to visual i t e  the 
project without the capacity expansion work (added 1 mes, bridge widening or 
extension fo r  example) and a l l o w  In funding f o r  a l l  necessary 3R items. . 
Section 1009(e)(4) mends 23 U.S.C. 119(e) t o  a l l w  IN  funding fo r  preventative 
maintenance acttvi t les, h l c h  a State can demonstrate through i t s  pavement 
management system, are a cost-effective mans o f  extending Interstate pavement 
1 i fe .  Preventative ~ i n t e n m c e  lncludes act iv i t ies such as sealing jo ints and 
cracks, patching concrete pavement, shoulder repair, and. nstorat lon of 
drainage systems which are found to  be cost-effective projects n s u l t l n g  i n  
extending the service 1 i f e  o f  pavements. 



T h i s  prov i  r i o n  has been extended admin is t ra t ive ly  t o  a1 low IM funding f o r  other 
preventat ive maintenance a c t i v i t i e s .  Examples may include s t ruc tu re  work such 
as crack seal ing, j o i n t  repa i r ,  seismic r e t r o f i t ,  scour countermeasures, and 
pa in t ing  o f  s tee l  members which are cos t -e f fec t i ve  i n  extending the service 
l i f e  o f  the structure.  

T o l l  Roads. Bridoes and Tunnels - Section 1012 

Section 1012(d) provides t ha t  ex is t i ng  t o l l  agreements entered i n t o  under 
Section 119(e) o r  129 of T i t l c . 2 3  p r i o r  t o  and i n  e f f e c t  on the date o f  
enactment of the 1991 ISTEA, sha l l  continue i n  effect.  A l l  new agreements must 
be executed i n  accordance w i t h  the provisions of the 1991 ISTEA. Guidance on 
the use o f  Federal -a fd  funds on t o l l  roads has been provided by M r .  Kana's 
memorandum o f  March 12, 1992. 

There i s  no prov is ion f o r  se t  aside o f  funds from the Ill program f o r  
d i  r c r e t i o n r r y  purposes. A1 so there i s  no provf s ion f o r  r ea l  l o ca t i on  o f  
apportioned In funds which lapse a t  the end o f  the a v a i l a b i l i t y  period. 

Section 1020 does provide f o r  a cont inuat ion o f  the I-4R d isc re t ionary  fund 
program t h a t  i s  separate and d i s t i n c t  from the IH  program. The source o f  the 
I-4R d isc re t ionary  funds i s  an annual set aside from National Highway System 
(NHS) funds. These I-4R d iscre t ionary  funds may be used f o r  IM-type p ro jec ts  
o r  f o r  other improvements on the In te rs ta te  inc lud ing pro jec ts  t o  prpvide 
addl t i o n a l  I n t e r s t a te  capacity. A memorandum was issued on December 20, 1991, 
which out1 ined procedures f o r  applying f o r  FY 1992 I-4R d iscre t ionary  funds. A 
s i m i l a r  memorandum w i l l  be issued annually. 

T rans fe rab i l i t v  - Section 1009 

Section 1009(e)(S)(O) and (E) modif ies 23 U.S.C. 119(f) t o  a l low a State t o  
uncondi t iona l ly  t rans fe r  an mount  not  t o  exceed 20 percent o f  i t s  
IM apportionment t o  i t s  apport ionmnts under 23 U.S.C. 104(b)( l)  f o r  the  NHS, 
o r  23 U.S.C. 104(b)(3) f o r  the Surface Transportation Program (STP). 

Section 1009(b) f u r t h e r  w n d s  23 U.S.C. l 19 ( f )  t o  a l low a State t o  t rans fe r  an 
amount i n  excess o f  the 20 percent unconditional IH  fund t ransfer ,  i f  the State 
c e r t i f i e s  t o  t he  Secretary t h a t  (1) the s w  t o  be t r a n s f e r n d  are i n  excess o f  
i t s  needs f o r  resurfacing, res to ra t ion  o r  rehabi 1 i t a t i n g  i t s  I n t e r s t a te  System 
routes and (2) t he  State i s  adequately maintaining the I n t e r s t a te  S y s t ~ ,  and 
i f the Secretary accepts the  c e r t  1 f icat ion.  

State requests t o  t r ans fe r  I?! funds should be s u k l t t e d  t o  the D i v i s i on  
Admi n i  s t r a t o r  and may be approved by the Regional Federal Highway Admlni s t r a t o r .  
Funds t rans fe r red  i n t o  the STP w i l l  be t ransfer red i n t o  the State F l ex i b l e  
Appropri a t  i on Code 330. 



Adeauate Haintenance of the Interstate S~stefQ 

Requlrearnts fo r  the State t o  cert i fy  that It i s  adequately u ln ta in fng  the 
Interstate System and that the Secretary develop c r i t e r l r  for  determining what 
constitutes 'adequate maintenance' were added by Sectlon 1009(c) (2). 

We anticipate th?t formal ru lcuklng may be necessary to  allow input from the 
States i n  the development of def lnl t lve guldmce on what constitutes adequate 
mrlntenmca. Therefore, for the purpose of evaluating State requests t o  
transfer M funds, I n  excess of  the 20 percent unconditional mount, and un t i l  
such time as these c r i t e r l a  m established, the guidance contained i n  the 
Federal-Aid Policy Guide, CFR 635E and i t s  supplemnt (old FHPn 6-4-3-1) should 
be used fo r  determining whether the State i s  adequately u ln ta in lng  the 
Interstate System. 

Headaurrters Contact& 

This guidance w i l l  be updated fn the future. l f  further c lar i f icat ions m found 
necessary. Quest ions about *hat constitutes adequate maintenance o f  the 
Interstate System should be d f m t r d  t o  the Construction and Uaintcnance 
Division (HN6-21). Pavement management systems m coordfnated by the Pavemnt 
Dlvision (HNG-41). Other questlons about the In program should be directed to 
the Interstate and Program Support Branch (HN6-23). 

DLLC---- Anthony R. Kane 



IN-: Rav.ntfve  Maintenance - 

Associate Administrator f o r  
Program Developmsnt 

Regional Federal Highway AdrPinistratorr 
Federal Lands Highway Propran A-nisttator 

Section 119 of T i t l e  23, United S t a t e s  Code, was amended by the. . 
Intermodal Surface Transportation t i f i c i e n c y  A n  of X99Z t o  
provide spec i f i c  Federal-aid fund e l i g i b i l i t y  f o r  p rwent ive  
maintenanem on I n t e r s t a t e  highways. 

We consider preventive maintenance t o  iacludekoadway a c t i v i t i e s  
suck a s  j o in t  repa i r ,  pavement patching, shoulder repa i t ,  and 
res tora t ion of  drainage systems, and btibge a c t i v i t i e s  such a s  
crack seal ing,  joint repair ,  a e i s r i c  n t r o f i t ,  scour 
counterneasures, and pa in tug .  Such w r k  i s  eligible f o r  
Federal-aid par t ic ipa t ion  where +he work is detemined to be 
-st-effective f o r  presenting t h m  pavement and bridge structurm 
and extanding +he pavuua t  an& bridge l i i e  t o  a t  l e a s t  achieva 
t h e  design l i f a  of th. i8cUity. 

ma. t o  t h e  nature of pr&entiva u in tuunce  type work, the 
Division A&ainistrator may approva request t o  advance t h i s  type 
02 project  on I n t e r s t a t e  highways witlaout including safety or . 
geonetric enhancements, but w i t h  the understandinp t h a t  
appropriate sa fa ty  and geometric enbancemurts viL1 be an int8gr.a 
par t  of fu ture  3R/4R projeCf.. This approach say a l so  f.8 app&ied 
t o  ninor work t h e  Division Matinistratoz considers c l i g - b l e  f o r  
Federal-aid funding on 0th- redua l -a id  highways. .?reventiva 
maintanance o r  minot votk items s h a l l  not  degrade any existing 
safety o r  geometric aspects  of th. f a c i t i t y .  - 

Anthony R. Kana 





Memorandum 

suow INFORMATION: Interstate Maintenance Progru DNQ June 14, 1993 ' 

From Execut i ve Oi rector 

10 Regional Federal Highway Administrators 
Division Administrators 
Federal Lands Highway P r w r u  Administrator 

Over the last decade, the State highway agencies have carried out necessary 
resurfacing, restoration, rehabil f tation and reconstruction (4R) of Interstate 
highways in accordmce .with the provisions of 23 U.S.C. 119 uslng funds 
apportioned under 23 U.S.C. 104(b)(S)(B). Since there was no differentiation 
in eligibility or pro rrta funding for the various classes of work. there was 
not a nerd to develop strict definitions for detrnnining whether the proposed 
work was resurfacing, restoration, rehabil itatfen or reconstruction. 6merrl 
definitions for pavement reconstruction and pavcunt rehabill trtion (3R) m 
included in the 'Pavement Poljcya (23 CFR 626) which w8s established in 1988. 

Currently, s o w  questions pertaining to the deflnl tlons for nhabil f tation and 
rrconstruction hav!, km rrisod since Section 1009(e) o f  the ISTEA of 1991 
genera; 1y el irinatrd reconstruction on the Interstate System from el igi bll i ty 
under 23 U.S.C. 119, Interstata Naintmwce (In) Progru. As revised, this 
sectioc! promotes maintenance of the Interstate Syster through approval of 
projects for resurfacing, restoration and nhrbil I tation, and through 
preventive maintenance acttvities. 

Preventive maintenmcc. includes restoration or rehabil i tatict of specific 
elements of a highway facil l ty when it can be demonstrated tnat such 
activities are r cost-effective m a n s  o f  extend+- the p a v m n t  life. The 
list of spectfic work elmrnts which are ganerally accepted as utrnding the 
service 1 i f e  of pavements and bridges is extensive. In general, any work 
which provides additional pavement structural capacity (general over1 ays or 
replacelmnt of .portions o f  the pavement structure), o r  prevents the intrusion 
o f  water into the pavement o r  pavement base (seal. cbats. joint seals, crack 
seals, overlays), or provides for removal of water that is in the pavement or 
pavement base (underdratns, restoration of drainage system), restores 
pavement rideabil i ty (prof il ing, mill ing), or prevents the deterioration of 
bridges (cleaning and paintCng, seismic retrofit, scour countermeasures, deck' 
rehabilitation or repair, deck drain cleaning) are considered to be work which 
extends the sewice life of the hlghway. These typical pnventive maintenance 
work items are not intended to be a11 inclusive but are rather a limited list 
of examples. The changes made by Section 1009(e) of the ISTU of 1991 allow 
considerable flexibil i ty in determining, based on - sod engineering analysis, 
the most cost-effective method of extending the Sei dice 1 ife of the existing 
Interstate pavements and bridges. 



Each of t he  States e i t h e r  have9 o r  are f n  the  PWcest o f  developing p a m a t ,  
br idge and o ther  u n a g e w n t  SYS~M~IS i n  reSPons@ t o  the ISTEA o f  1991 md 
previous F H A  po l j c ies .  One of the PUrpOSeS of a Pavemnt management' sys t ra  
i s  t o  i d e n t i f y  c o s t - e f f r c t i v e  s t ra teg ies  for  p r o p o ~ r d  pavewnt  work. I n  sow 
cases, the most cos t -e f fec t i ve  pavement s t r t t 8 ~  my be removal and 
repIacement o f  a l l  o r  p a r t  o f  a badly deter iora ted pavement st ructure.  
However, i f  a removal and replacement st rategy i s  considered i n e l  i g i b l e  f o r  IM 
funding, a l ess  cos t -e f fec t i ve  strategy may be selected by the State based 
on ly  on the  c lass  o f  ava i lab le  funding. Forcing any p a r t i c u l a r  st rategy based 
p r i m a r i l y  on a v a i l a b i l i t y  o f  funds would not  provide the pub l i c  w i t h  the best 
use of Federal-aid funds. Therefore, i n  order t o  provide the  States w i t h  
necessary f l e x i b i l i t y  and s t i l l  meet the i n t e n t  o f  the rev ised 23 U.S.C. 119. 
pavement work which i s  i d e n t i f i e d  by the State's pavewnt nanagement system as 
being cost  - e f f ec t  ive, i nc lud ing  removal and replacement st rategies,  where no 
add i t iona l  capaci ty i s  provided i s  e l i g i b l e  as an I M  Program funded pro jec t .  

Reconstruction on the I n t e r s t a t e  System.aay s t i l l  be approved; however, unless 
the proposed work meets the e l  i g i  b t l  i t y  r e q u i r m n t s '  o f  23 U.S.C. 119(c), . such 
work must use funds other than those apportioned under 23 U.S.C. lOl(b)  (5) (0). 

Mr.  Anthony R. Kane's May 21, 1992, armorandim on '1991 Intrnnodal Surface 
Transportation E f f l c i  m c y  Act (ISTEA) I l ap l rwn ta t i on  I n t e r s t a te  Maintenance 
Programa l i s t ed ,  as examples, sever81 types of l l p m v e m n t s  which were no t  
e l i g i b l e  f o r  IH  funding. The exanplr concerning 'neu ?upsg has created s o u  
confusion. As r resu l t ,  f u r t h e r  c l a r i f l c r t l o n  i s  necessary. 

A f t e r  n v l e w i n g  the  leg+ slation,' we have determined t h a t  the add i t i on  ohnew 
ramps a t  e x i s t l n g  .interchanges i s  proper ly  r par t  o f  g in te r rhmge - .  . -- 
reconstruct iona and does no t  cons t i tu te  added capaci ty ~ r i d e r  23 U.S.C. '1 19 (~ ) .  
E l  i g i b l e  new ramps may include those associated w i t h  reconstruct ion o f  
ex i s t i ng  interchanges necessitated by t r a f f i c  grwth o r  operat ional problems. 
Examples might inc lude the  add i t i on  o f  one o r  mom loops t o  an ex i s t i ng  
d l  amond interchange, the add i t i on  o f  a d i r ec t i ona l  ramp t o  re1 ieve i n t e r s t a te  
t r a f f i c  congestion, o r  the add i t i on  o f  a ramp o r  ramps t o  provide a missing 
t r a f f i c  movement. These examples m -also not  intended t o  be a l l  inc lusive.  
I n  general, new ramps assoclr ted w l t h  the reconstruct ion o f  an ex i s t i ng  
interchange are e l . i g ib le  f o r  I f 4  funding and conversely, new ramps on an 
I n t e r s t a t e  route  where there  i s  present ly  no ex i s t i ng  interchange are not  
e l i g i b l e  f o r  IM funding. 

I n  add i t i on  t o  these coments and guidance concerning* pavement and interchange 
el i g i  b i l  i ty; any proposals f o r  Il l  funded pro jec ts  should inc lude 
cons i d e r a t i  ons f o r  safety o r  geometric enhancements i n  accordance w i t h  
M r .  Kane' s J u l y  27, 1992. memorandum on 'Preventive Maintenance .' 

E. Dean Carl son 
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ALOG 
Mc Trans (Contor for Micro- 
computers in Transportation), 
is  a soharo distribution and 
usor support cantor, originally 
established by tho Fodoral 
Highway Administration 
(FHWA), and now supported 
by tho Fodoral Transit Admin- 
istration (FTA). Tho MC Trans 
&tor providos support to 
microcornputor uurs through 
technical assistance of tho 
software it distributes. 

Our goal is  to servo as the 
nation's primary center for 
technical support and distribu- 
tion of highway transportation 
and transit softwarm. With a 
rtaff of oxparts in a wide 
range of spocialtims, 
MC Tram fields inquiries on 
q vgriov of subimcts, wch as: 
what programs a n  available 
for your needs, which corn 
purer shovld be purchasad to 
run your r o k a r e ,  and help 
with specific programs. 

As a support centor, wm learn 
a b d  what softwarm othon 
o n  using and hwr about 
programs that you arm looking 
far. Foal fro. to call McTmns 
with your questions: 1-806. 
226-1 0 13 (24-hour mossage 
hotline); (904) 392-0378; 
Fax: (904) 392-3224; or 
logon to McLink, our 24hour 
electronic bullatin board, 
(904) 392-3225. 

McPindor, the Mclrans 
catalogondisk, is updated 
quarterly. This catalog is u p  
datmd annually, with quarterly 
updates in tho MC T r m ~  
Nowslottor. Both can be 
obtained fro. on request. 
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HIGHWAY ENGINEERING 
PAVEMENTS 

I 
I Carson City PMS 
I The Carson City Pavement Mafiagexnent S y r  1 tern was developed under an FHWA Run1 
I Technical Assistance Program (RTAP) project. 

Road inventory data include street name, seg- 
ment limits and location, subgrade strengths, 

I lengths, widths and surrounding land uses. 
Structural information includes presence of 

i curb and gutter, shoulder width,-surface and 
base type, thickness and deflection. The condi- 
tion survey includes information on ride qual- 
ity, alligator cracking, ravelling and longitudi- 
nal plus traverse cracking as the recorded forms 
of distress; and acceptable, tolerable and unac- 
ceptable listed as the three degreo of severity. 
The total quantity of each distress and severity 
combination is recorded for each street segment 
and deduct values assigned. Traffic survey in- 
formation includes volumes and classification. 
The type and extent of distress determine the re- 
habilitation strategy alternative. The ride qual- 
ity, alligator cracking and status of surface ravel- 
ling are checked. Then, depending on the traffic 
index (a measure of truck volume and weights), 
a maintenance and rehabilitation treatment b 
recommended. Priorities are assigned based on a 
cost-benefit ratio determined as a function of 
cost-per-vehiclemile. Cost estimates art then 
applied and listed with the expected life cycle 
before new treatments are required. 
LOS: 3 (from FHWA) 
Operating System: IBM PCJMS-DOS 21+ 
(3MK and Hard Disk) 
Supporting Software: dBASE III+ 
Product# Description Price 

CCPMS Canon City PMS, 7/89 390 
CCPMS.D Documentrtion $10 

ELSYM 5 
ELSYM 5 is a computerized procedure which 
models a three-dimensional idealized elastic 
layered pavement system. It computes the v& 
ous component stmmes, strains, and d i r p b  
ments along with principal values at locrt io~  
specified by the user, within the h y e d  pave  
ment. This progma~ was developed for the Fed- 
eral Highway Administration. 
LOS: 3 (from FHWA) 

Operating System: IBM P U M S - W S  2l+ 
Product# Description Price 
ELSYM ELSYMS, 12/86 $40 
ELSY M.0 Documentation $5 

EXPIAR 
EXPEAR (=pert system for Pavements Evdu- 
ation And Rehabilitation) is a comprehensive 
computerized system to assist engineen in 
evaluating concrete highway pavements, de- 
veloping feasible rehabilitation alternativw, 
and predicting the performance m d  cost effu- 
tivenos of the alternatives. In its cumnt  state 
of development it is considered an excellent 

training tool. ljoate modifications would be 
required to make this program suitable for 
routine use. 
A computer program has been developed for 
each of the three pavement types: jointed 
Plain Concrete Pavement (JPCP), Jointed Rein- 
forced Concrete Pavements (JRCP), and Con- 
tinuously Reinforced Concrete Pavement 
(CRCP). The current version is EXPEAR 1.4 
which possesso the capability to do life-cycle 
cost analysis and to delay rehabilitation up to 
five years. 
EXPEAR was developed by the University of 
Illinois at Urbana-Champaign under FHWA 

be p u d u d  separately (PC only). The main- 
franc venion is  only available as fully sup 
ported. The auin HDM-111 dociamentation 
fHDM.DV1 and .DV2 below), which dcxribe the 
model in detail, must be purchwd separately. 
A French version of HDM 111 is available from 
PENDC of Puis or through McTmns Call for 
details. 
LOS: 1 (Copyright 1988, the World Bank) 
Operating System: IBM PC'MS-DOS 2.2+ ( W K  
and Hard Disk) and Mainframe 
Product# Dtxnption Pnce 
HDM Fully supported HDM-PC, S O 0  

Ver.2.0 (incl. EBM, User's 
Manual. Volumes 1.2 and 

administrative funded or ~ i g h w a ~  Planning 
and Research funded contracts. Further work . 

HDM Manager) to enhance the capabilities of EXPEAR is pro- 
posed. A hard disk is recommended both for 
speed of execution and storage of data filo. 
EXPEAR comes from Kathleen T. Hall of the 
University of Illinois. A supplemental docu- 
ment describing the Concrete Pavement Evalu- 
ation and Rehabilitation System is also avail- 
able. . 
LOS: 3 

Operating System: IBM PCJMS-DOS 3.0+ 

Product# Description Price 
EXPEAR EXPEAR, Ver.l.4 $45 
EXPEAR.0 Documentation St0 
EXPEAR.DS Supplemental Document $25 

HDM-Ill and HOM-PC 
HDM-111 and HDM-PC (Highway Design and 
Maintenance Standards Model) is designed to 
make comparative cost estimates and economic 
evaluations of different construction and main- 
tenance options, including different time stag- 
ing strategies, either for a given road section or 
an entire network. The concept can simply be 
outlined as: determining costs, adding the set 
of costs over time and compuing the total cod 
stremu for various maintenance and c o n s t ~ c -  
tion &ltematives. 
HD-PC includu the con HDM-111 model, a f* 
cility to input data, a mechdsm to use the out- 
puts with to)w 1-2-3, and a constrained version 
of the Expenditure Budgttin8 Model (EBML If 
HDM is used with the EBM, it is capable of 
compuing options under year-to-year budget 
constraint.. 
The basic data requirements uc the nebfork d t  
scriptian, construction options ar int tnana 
s t andub  and unit costs, vehicle * . 
and unit coo& trrtfic volumes and projectidly 
exqenow btnefib and coat& and dy8b @od 
and discount rates The p w  is dirtributcd a- 
clruively by Mt Tiwrrl undex Licesue hrom the 
World Bank in Wldriryton, DC 
+he HDM-PC coma in two versions 1) fully s u p  
ported, which indudta free technical 
and updata and t) t uwppoc td  which has no 
support services. Both indude the HDM-PC 
U d s  Manurl and the EBU The EBM m y  llro 

EBM 

HDM.UPG 
HDM. UN 

EBM.tiN 

HDM.0 

HDM.DV1 

HDM.DV2 

7 

Fully supported version 560 
of EBM (inci. Usefs Manual) 
Upgrade to supported 5300 
tinsupported HDIL1-PC 5100 
(incl. EBM and Usef s Manual) 
Unsupported version of 530 
EBM (incl. Usefs .Manual) 
Extra copies of HDM-PC 315 
User's Manual 
HDM model documentation 520 
Vol. I: Description of HDM-111 
HDM model documentation S25 
Vol. 2: Usels Manual for 
HDM-111 

H D M  Managor 
HDM Manager is a user-friendly shell environ- 
ment for specific customized applications of 
HDM-III. It stores the input data in an efficient 
manner, creates all the required HDM-111 input 
files, runs the HDM-111 program, collects the 
results and presents the results in a practical 
way. It provides a simple but powerful package 
for learning and using the maior concepts of 
HDM-111. 
HDM Manager is designed to be used with the 
hi1 HDM-I11 package and documentation, 
which must be obtained separately. HDM 
Manager comes from the World Bank and is  in- 
cluded with the fully-supported HDM-111. 
LOS: 3 (Copyright 1993, The World Bank) 
Operating System: IBM PUMS-DOS 3.1+ 
Product# Description Price 
HDM.MGR HDM Manager, Ver.2.0 S15 

ILLI-BACK 
ILLI-BACK is a closed-fonn backcalculation 
procedure for rigid pavements. It is a comput- 
erized adaptation of a rigomus, theoretically 
sound and efficient backcalcuhtion proce- 
dure, applicable to two-layer, rigid pavement 
systems. This method simplifies considerably 
the effort requized in interpreting nondmtnrc- 
tive testin8 (NDT) data. A unique feature of 
this approach is that in addition to yielding 
the required backcalculated puameters, it also 
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allows an evaluation of the degree to which 
the in situ system behaves as idealized by 
theory, and provides an indication of possible 
equipment shortcomings when these arise in 
the field. 
The ILLI-BACK backcalculation procedure 
considers a two-laver system, consisting of a 
rigid pavement slab resting on an elastic solid 
(ES) or a dense liquid (DL) foundation. The 
backcalculation process requires four sensor 
deflections and utilizes the concept for deter- 
mining the Area of the deflecting basin. 

When ILLI-BACK is executed on a personal 
computer, execution time per deflection basin 
permits the interpretation of a vast amount of 
YDT data in a very reasonable time. The 
method makes it feasible for the first time to 
have a practical backcalculation procedure at- 
tached to the testing device in the field, pro- 
viding instant checks on the accuracy of the 
deflection results generated, while there is 
still time and opportunity for remedial action. 
The program supports English and Metric 
units and mns interactively or in batch mode 
and is distributed in Copy-Protected format. 
LOS: 7 (Copyright 1988, A.M. Ioannides) 
Operating System: 1B.M PC!MS-DOS 2.1+ and 
math coprocessor 
Product# Description Price 
ILBACK ILLI-BACK, Ver.2.0 3225 

ILLI-PAVE Algorithms 
ILLI-PAVE Algorithms is a program based on a 
set of algorithms that were assembled from 
ILLI-PAVE, r very large complex finite element 
program. The algorithms are contained in the 
program called ILLIALGR in the form of a se- 
ries of spreadsheets selected from the menus. 
ILLI-PAVE Algorithms can be used for prelimi- 
nary design and analysis of flexible pavements. 
This program was developed for the Federal 
Highway Administration. 
LOS: 3 (from FHWA) 
Operating System: IBM POMS-DOS 21+ 
Product# Description Price 

ILL1 ILLI-PAVE, W86 $40 
1LLI.D Documentation SS 

JCP-1 
JCP-14 Jointed Concrete Pavement) determines 
the serviceability and fatigue data for use in 
rigid pavement design. The design process is 
an iterative process in which a designer speci- 
fies trial structural designs, determines the re- 
quired inputs, executes the program, analyzes 
the resulting fatigue and serviceability data, 
modifies the design, and repeats the procedure. 
The program will analyze m y  number of slab 
thicknesses and provide outputs for each thick- 
ness, while holding a11 other inputs constant. 

P LOS: 3 (from FHWA) 

Operating System: IBM PUMS-DOS 2.0+ 
Product# Description Price 

Jcp Jointed Concrete $45 
Pavement-1,12186 

JCP.D Documentation $5 

Long Beach PMS 
The Long Beach Pavement Management Sys- 
tem was also developed under the FHWA Rural 
Technical Assistance Program (RTAP) project. 
The system uses data files for physical informa- 
tion on the sections to be included in the analy- 
sis; pavement survey data detailing the condi- 
tion of the surface; and information on the scor- 
ing, treatment and cost estimates for each road 
segment. Traffic data are incbrporated into the 
analysis in the form of a Traffic Index based on 
ESAL's. A: evaluation system is utilized which 
rates the sections from the pavement surveys 
and applies a decision tree to determine initial 
proposed treatments and their estimated costs. 
LBPMS analyzes both flexible (asphalt con- 
crete) and rigid (Portland cement concrete) 
pavement types and produces several interme- 
diate and final reports. 
LOS: 3 (From FHWA) 
Operating System: IBM PCIMS-DOS 2.1+ 
(3MK and Hard Disk) 
Supporting Software: dBASE III+ 

Product# Qemiption Price 
LBPMS Long Beach PMS, 6/89 S O  
LBPMS.D Documentation 310 

MAPCON (Methods for Analyzing Pavement 
CONdition data) is a comprehensive, but user 
friendly package for pavement safety, rough- 
ness, structural capacity and surface condition 
analysis. MAPCON includes ELSYMS m d  the 
Calfornia FPMS and RPMS (which also are dis- 
tributed separately) and others. MAPCON pro- 
vides "paths" to dl the individual programs, 
enabling the user to better analyze the pave- 
mmt conditions, which can then be made part 
of a pavement management system. 
MAPCON was developed by Pennsylvania 
State University and ARE, Inc., under contract 
to FHWA. A hard disk is highly desirable, but 
not required. 
LOS: 3 (from FHWA) 
Operating System: IBM PUMS-DOS 2.O+ 
(512K) 
Product# Description Price 
MAPCON MAPCON, 4/67 $100 
MAPC0N.D Documentation $455 

MIX 
MIX is a menu driven, BASIC program which 
calculates the specific gravities of agpga tes  
for the design of the asphalt mix and the pro- 
porCions of each aggregate in the mix. The p m  
gram is based ort the methodology dtsaibcd in 

the MS-2 Report published by the Asphalt I. 
stitute. N6 formal documentation is avaikbl 
LOS: 5 (from University of Puerto Rico) 
Operating System: IBM PC!IMS-DOS LO+ 
Supporting Software: BASIC 
Product# Description P 
MIX MIX, 1!80 

-- 

MODULUS and PASELS 
MODULUS and PASELS are two programs 
assess the current condition of the moduli o 
various structural layers of existing asphalt 
pavement. T'he moduli values are often ob- 
tained through nondestructive testing with 
use of falling weight deflectometen. The h: 
volume data collection capabilities of mo& 
nondestructive testing equipment require a 
analysis method which is capable of rapid 
backcalculation of pavement layer moduli 
production mode of data reduction. A layer 
elastic method, MODULUS, was developu 
microcomputer use which is very fast in OF 

tion and provides consistently reliable rest 
Random errors in the meuurements and s! 
tematic errors in the backcalculation procc 
may be reduced-the former by repeating ti 
measurements and the latter by using a mi 
computer expert system, PASELS, to pmvi 
consistently acceptable layer moduli value 
These programs were developed under a ' 
tional Cooperative Highway Research Prc 
gram project, the cesults of which are pub 
lished as NCHRP Report 327, "Dettnnini 
Asphaltic Concrete Pavement Structural f 
erties by Nondestructive Testing." This n 
which contains user's manuals for both p 
grams, may be obtained through the Tran 
tation Research Board, Washington, D.C. 

LOS: 3 

Operating System: IBM PCIMS-DOS 2.01 
Product# Description 
MODUL MODULUS, Ver.4.O 
PASEL PASELS, Ver.l.0 . 

NULOAO 
NULOAD is a computerized procedure th 
evaluates the effect of legal load limit chi 
on the (set of 12) life cycle costs of flexiblt 
rigid, and/or composite pavements. Data I 
a n  interactively input through NULDIN, 
user-friendly processor for NULOAD. Ca 
erable input data is required. 
LOS: 3 f ftom FHWA) 
Operating System: IBM PCIMS-DOS 20+ 
Product# Description 
NULOAD NULOAD, 12/86 
NUL0AD.D Documentation 
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PAVECHEK 
Pavechek is a software package for designing 
interlocking concrete pavements. The struc- 
tural design of flexible interlocking concrete 
pavements can be accomplished quickly on 
this menu-driven, PC computer based pro- 
gram. Pavement cross section designs can be 
generated for both new or overlay interlock- 
ing concrete pavements with unbound or 
bound base materials. Various levels of so- 
phistication can be used in the program de- 
pending on the level of detail of input data 
dvallable. The design rationale is  based on the 
widely used 1986 AASHTO "Guide for the 
Design of Pavement Structures". 
LOS: 7 

Operating System: IBM PCiMS-DOS 2.1+ 
ICraphics) 
Product* Description Price 
PAVECHEK Pavechek, Ver.l.0 SSS 

Pavoment Management 
Forecasting Model 
Pavement .Management Forecasting .Model 
t PMF) is a Lotus 1-2-3 template for use in plan- 
ning roadway maintenance and strategies. It 
runs in a Lotus, Release 2 environment and is 
completely menu'driven. Data on road mainte- 
nance and construction unit costs, pavement 
deterioration rates, future funding estimates 
and current road conditions are required. 
Based upon three repair strategies, output is 
generated in tabular summaries and graphic 
plots. It allows changes at any Level to iterate 
to desired results. 
Agencies responsible for roadway maintenance 
related funding decisions will find it useful to 
compare various alternatives. The Lotus design 
is included in the appendix for usen who 
might modify the algorithms to customized a p  
plications. PMF was donatedby Mr. William 
.Massicott of the Metropolitan Area Planninu 
Council, Boston. 
LOS: 3 

Operating System: IBM PUMS-DOS 20+ 
Supporting Software: Lotus 1-2-3 
Product # Description Price 
PMF PMF, Ver. 1.0 $40 
PMF.D Documentation 515 

Pavament Managmment Systom 
Pavement Management System (PMS) is a de- 
cision support tool used to assist management 
responsible for allocating pavement mainte- 
nance resources. In a simple view, PMS is a 
process when information about the pave- 
ment system is collected, stored, analyzed and 
reported. 
This third generation, Venion 3.0, combines a 
life cycle approach to pavement maintenance 
with a user-friendly, mouse or keyboard 
driven graphical user interface. This standard 

system includes five modules for analyzing 
inventory, h;story, pavement condition, cost 
and budget, and a knowledge-based ranking 
system. It uses a maintenance pnonty ranking 
system based upon the data collected and 
stored in the other four modules. In addition, 
the system's modular design allows the inte- 
gration w ~ t h  other software to prov~de en- 
hanced graphical reports and system perfor- 
mance feedback. 
LOS: 7 (Copyright 1992, Resource Intema- 
tional, Inc.) 
Operation System:IBM PUMS-DOS 3.O+ 

Product* Description Price 
PMS PMS 5695 
PMS.GIS PMS CIS version St,% 

,J PMSPro 
PMSPro is a pavement management program 
written in the .Microsoft Windows environ- 
ment using FoxPro for Windows. The program 
allows the user to completely customize the 
program by defining decision trees, rehabilita- 
tion strategies, deterioration curves. deduct 
curves, and costs for different pavement types, 
functional classes, and traffic classes. PMSPro 
also contains other methods of calculating 
condition scores such as: WADOT PSC, FAA 
PCI, PAVER PCI. 
PlMSPro evaluates a street network both at the 
project level and the network level. At the 
Project Level, condition scores are used to pri- 
oritize streets. Decision t r m  evaluate the type 
and amount of distress to select an appropri- 
ate rehabilitation strategy. PMSPro can evalu- 
ate a11 street segments or only those that have 
changed since the last analysis. 
A complete cost accounting package allows 
costs to be adjusted according to the type and 
amount of distresa as well as other costs such 
as flagging and engineering 
At the Network Level, a simplified declion 
p r o c w  uses fuhm calculated condition scorn 
to wlect an approptiah rehabilitation stratqy 
and cost The analysis period can range from 3 
to 80 yem. Evaluate by functional class or 
traffic clam. C u y  unspent funds forward. Pri- 
oritize by Wont First or Last. 
PMSPro also can handle condition surveys or 
ditches, sidewalks, street signs and other 
street accessories. A maintenance module al- 
lows the tracking of past maintenance and 
costs. 
Compatible with most CIS programs, includ- 
ing MapInfo from MapInfo, Inc. A CIS pro- 
gram can display pavement condition, recom- 
mended rehabilitation strategies, pavement 
types, sign inventory, etc. by connecting the 
databases to a map. 
LOS: 7 (Copyright 1992(01994, Pavement Engi- 
neers, Inc.) 

Operating Software: IBM PCilMS-00s J.O+ 

Product * Description. Price 
PMSPRO PMSPRO Pavement $1,000 

Management 
Program Ver. 5.2 

Road ManagorTm 
The Road ManagerrY is a modular roadway 
management system. Its unique features are the 
ability to include ALL roadway features in the 
evaluation of a road section, a modular design, 
user defined parameten allowing extensive 
customization to fit local conditions and poli- 
cies, and a modem software design using light 
bar menus, a complete help system and pick 
lists for easy data entry. 
The General Roadway module serves as the 
"control centef for a11 other modules, record- 
ing road lengths, widths, classifications, etc., as 
well as overall condition indices for eight dif- 
ferent types of roadway featum. The General 
Roadway module can also be used as a stand 
alone system, suitable for "windshield survey" 
evaluation of a road network The General 
Roadway module rs requtred for all other mod- 
ules. 
The Asphalt Pavement, Roadway Drainage and 
Roadway Utility modules allow the detailed in- 
ventory and evaluation of roadway distresses, 
drainage needs and utility related features. 
Thew modules include a user definable deci- 
sion table that determino recommended re- 
pain or maintenance. All calculations related to 
determining a condition index, recommended 
repairs and estimated costs can be modified by 
the user. 
The Improvement Plan module uses informa- 
tion generated in the Asphalt Pavement, Road- 
way Drainage and Roadway Utility modules to 
develop lists of recommended improvements 
as well as required budgets to attain a given 
network condition Iwel. The computerqpner- 
ated plan for imptovementa can be overridden 
by the user. The estimated deterioration curves 
used by the system in projecting future pave 
ment and utility patch condition can also be 
modified. 
The Repair Histo ry module serves as an elec- 
tronic file cabinet recording all work per- 
formed on a road section as it is completed. The 
Street Diagram module graphically displays 
and prints all Drainage and Utility features that 
have been inventoried through their respective 
modules. 
LOS: 7 (Copyright 1969, The Info Center, Inc.) 
Operating System: IBM PWS-DOS 3.O+ 
( W K  and Hard Disk) 
Product# Description Price 
RMRD General Roadway, Ver. 1.51 $495 
RMAS Asphalt Pavement $995 

Ver. 1.51 
RMCR Gravel Road, Ver. 1.51 5495 
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Memorandum 

5 , ~  ect Dowel Bar Inserters ;ore February 23. 1996 

12: Regional Administrators 
Federal Lands Highway Program Administrator 
Attention: Regional Pavement Engineers 

By a March 6, 1990, memorandum, Mr. Louis Papet provided a copy of a Wisconsin 
Department of Transportation report on "Dowel Bar Placement: Mechanical Insertion 
Versus Basket Assemblies." Since that time, there appears to have been poor acceptance 
of the use of dowel bar inserters. A recent draft NCHRP report noted that 8 States allow 
the use of inserters, 13 States allow it as an acceptable option, and 20 States do not allow 
their use 

This technique has been used exclusively in some European countries for over 20 years 
- 

with satisfactory dowel placement results. We believe all States should be encouraged to 
make this an allowable option in their specifications. We continue to encourage checking 
of dowel tolerances by probing through the fresh concrete early during the project and 
periodically as the work progresses. We also continue to recommend that when either 
baskets or inserters are used, the location of the dowels in the completed pavement be 
verified using metal detectors, pachometers, and cores. 

If you have any comments or questlcns please contact Mr. John Hallin at (202) 366-1 323 
or Mr. Roger Lanon at (202) 366-1 3-25 
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Background 
Materials 
Proportioning 
Properties of Concrete 
Mixing, Agitation, and Transportation 
Placement and Consolidation 
curing and Protection 
Concrete Distress Conditions 
Manufactured Concrete Products 
Quality Control and Testing 

1. PURPOSE. To set forth guidance and recommendations 
relating to portland cement concrete materials, 
covering the areas of material selection, mixture 
design, mixing, placement, and quality control. 

'2. BACKGROUND 

a. Each year approximately 46 million cubic meters of 
concrete are used in all highway construction. 
The vast majority of States use a prescription 
type specification for portland cement concrete, 
often specifying minimum cement content, maximum 
water cement ratio, slump range, air content, and 
many times aggregate proportions. Admixtures such 
as fly ash are incorporated into mixes as a part 
of the prescription. 

This system has worked fairly well in the past but 
may change as emphasis is placed on performance 
based specifications. States have begun to reduce 
or eliminate the amount of inspection at concrete 
plants as automation has increased productivity. 

3. MATERIALS 

a. Portland Cement. The proper type of portland 
cement should be specified for the conditions 
which exist. 

e 
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(1) Types I, 11, 111, IP, and IS are typically 
used in highway construction. Type I is used 
when no special circumstances exist. Type I1 
is used when sulfate exposure conditions are 
present. Type I11 is used when high early 
strengths are required. The use of Types IP 
and IS result in lower early strength gains 
and can be substituted for Type I cement when 
early strength is not a concern. In addition 
to the above mentioned types, Types IV and V 
are sometimes used in highway applications to 
meet special conditions. Further information 
about these cements can be found in the book 
Design and Control of Concrete Mixtures 
published by the Portland Cement Association 
(PCA) . 
It is recommended that the acceptance of 
portland cement be based on certification by 
the supplier. The certification should 
contain the lot number of the cement. The 
supplier's test results should accompany the 
certification or be available to the State. 
Verification samples should be taken and used 
as part of the acceptance system; 

(3) If alkali aggregate reactivity (AAR) is a 
concern, a maximum alkali content of 0.6 
percent should be specified. Some State 
highway agencies consider this amount too 
high and recommend smaller amounts. If 
AAR is a problem in the State, a review 
of a States' Materials Manual is suggested. 
See Concrete Distress Conditions Section 
for other remedies. 

Aggregates. Aggregates make up 60 to 70 percent 
of the volume of concrete mixes. A significant 
portion of poorly performing highway concrete can 
be traced to aggregate quality problems. 

(1) The fine aggregate should meet the 
requirements of the American Association 
of State Highway and Transportation Officials 
(AASHTO) M 6. 
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(2) The range for the gradation of fine 
aggregate is quite broad. The fineness 
modulus (FM), calculated using AASHTO T 27, 
can be used as a tool for assessing the 
variability of the fine aggregate gradation. 
The specifications should limit the range of 
the FM between 2.3 and 3.1 according to 
AASHTO M6 and the variation of the FM should 
not be more than 0.20 from the value of the 
aggregate source. 

The FM is a means to control the influence 
that fine aggregate has on workability and 
the air content of the mix and is sometimes 
specified in the mix design. Further 
information regarding FM can be found in the 
Federal Highway Administrationts manual FHWA- 
ED-89-006 (Portland Cement Concrete Materials 
Manual) . 

( 4 )  It should also be noted that to provide good 
skid resistance, the PCA recommends that the 
siliceous particle content of the fine 
aggregate should be at least 25 percent. 
Consideration should be given, however, to 
the possibility of alkali-silica reactions 
when this is done. 

(5) The coarse aggregate should meet the 
requirements stated in AASHTO M 80. For most 
parts of the country the severe exposure 
requirements should be used which means the 
use of class A aggregate for structural 
concrete and class B aggregate for pavements. 
The following table contains some of the more 
common information provided by Table 1 in 
AASHTO M 80. 



FHWA TECHNICAL ADVISORY T 5080.17 
July 14, 1994 

Class A Aggregate I Class B Aggregate 
I 

Sum of clay 
lumps, friable 
particles and 

Clay lumps and 
friable particles 

Chert 

2% 

3% 

chert 

Material finer 
than No. 200 

3% 

3 % 

Coal and Lignite 

1% 

Abrasion 

c. Water 

1% 

0.5% 

Sodium Sulfate 
Soundness 

(1) The water serves as a key material in the 
hydration of the cement. In general, potable 
water is recommended although some non- 
potable water may also be acceptable for 
making concrete. Water of questionable 
quality should be examined since this can 
effect the strength and setting time. The 
following criteria is contained in Table 1 in 
AASHTO M 157 and is based on control tests 
made with distilled water: 

50% ! 50% 

Test Limits 
Compressive strength 

percent of control tests at 7 days 90 

0.5% 

I 
* 

12% 

Time of set 
deviation from control 

I 
12% 

1 hour earlier 
to 
1.5 hour later 
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(2) Wash water can be used to make concrete 
providing the resulting concrete mix water 
meets the following criteria in Table 2 in 
AASHTO M 157: 

chemical Limits 
Chloride as percent of weight of 
cement for the following uses: 

prestressed concrete 0.06 
reinforced concrete in 

moist environment 
exposed to chlorides 0.10 

reinforced corlcrete in 
moist environment 
not exposed to chlorides 0.15 

sulfates 
alkalis 
total solids 

3000 ppm 
600 ppm 
50,000 ppm 

(3) If there is any question about the water, it 
should be tested using AASHTO T 26. 

4 )  It should be noted that the American Concrete 
Institute (ACI) provides more stringent 
tolerances for total chlorides in the mix. 
The chloride content for wash water in 
AASHTO M 157.i~ recommended for total 
chloride content in ACI 201.2R 22. 

d. Admixtures. Admixtures are typically placed in 
mixes to improve the quality or performance. They 
can affect several properties and can have a 
adverse impact on the mix if not used properly. 
To avoid possible problems, it is suggested that 
trial batches be made to evaluate the mix. 

(1) Air entraining admixtures should be specified 
when concrete will be exposed to freezelthaw 
conditions, deicing salt applications, or 
sulfate attack. Recommendations for air 
content are contained in paragraph 4d. 
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A vinsol resin type admixture should be 
added when fly ash having a variable 
loss on ignition (LOI) content (between 
3 percent and 6 percent) is present. 
This is because of the effect that fly 
ash's fineness and carbon content has on 
the air entrainment system. Fly ashes 
not having a variable LO1 do not have an 
adverse impact on entraining agents and 
therefore vinsol resin type admixtures 
may not be necessary. 

The specifications for air entraining 
admixtures are contained in 
AASHTO M 154. 

(2) Chemical admixtures include water reducers, 
retarders, accelerators, high range water 
reducers (superplasticizers), corrosion 
inhibitors and combinations of the above. 

! specifications for chemical admixtures 
contained in AASHTO M 194. 

Mixes containing admixtures are 
permitted an increase in shrinkage and a 
decrease in freeze thaw durability (as 
indicated in Table 1 AASHTO M 194) in 
comparison with mixes having no 
admixtures. 

Admixtures are usually accepted based on 
preapproval of the material and supplier 
certification. Verification tests 
should be performed on liquid admixtures 
to confirm that the material is the same 
as that which was approved. The 
identifying tests include chloride and 
solids content, pH, and infrared 
spectrometry. 

Water reducers and retarders may be used 
in bridge deck concrete to extend the 
time of set. This is especially 
important when the length of placement 
may result in flexural cracks created by 
dead load deflections during placement. 
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Often water reducers and retarders may 
increase the potential for shrinkage 
cracks and bleeding. Because of these 
concerns, increased attention needs to 
be placed on curing and protection. 

(d) High range water reducers can be used 
to make high slump concretes at normal 
water cement (w/c) ratios or normal 
range slumps at low w/c ratios. The 
primary concern with the use of these 
admixtures is the loss of slump which 
occurs in 30 to 60 minutes. Redosing 
twice with additional admixture is 
allowed by ACI 212.4R; however, redosing 
typically reduces air entrainment. Type 
F and G high range water reducers may 
also be used. Type G has the added 
advantage of containing a retarding 
agent. 

If transit mix trucks are used to 
mix high slump concrete, it is 
recommended that a 75mm slump 
concrete be used at a full mixing 
capacity to ensure uniform concrete 
properties. If transit mix trucks 
are used to mix low w/c ratio 
concrete, it is recommended that 
the load size be reduced to 
1/2 to 2/3 the mixing capacity to 
ensure uniform concrete properties. 
Admixture companies are 
recommending additional mixing time 
with low w/c mixtures instead of 
decreasing the size of the load. 
This may have detrimental effects 
on some properties of the concrete 
such as the degradation of the 
aggregate resulting from over 
mixing. 

2 High range water reducers may also - 
affect'the size and spacing of 
entrained air. If Freeze-Thaw 
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testing as described by ASTM C 666 
indicates this to be a problem, it 
is recommended that the air content 
be increased by 1% percent. 

Calcium chloride, the most commonly used 
accelerator, has been associated with 
corrosion of reinforcing steel and 
should not be used where reinforcing 
steel is present. In addition to the 
corrosion problem calcium chloride also 
reduces sulfate resistance, increases 
alkali-aggregate reaction, and increases 
shrinkage. Calcium chloride should not 
be used in hot weather conditions, 
prestressed concrete, or steam cured 
concrete. In applications using calcium 
chloride, the dosage rate should be 
limited to 2 percent by weight of 
cement. 

Non-Calcium Chloride accelerators are 
available and can be used where 
reinforcing steel is present. However, 
care must be taken in selecting these 
since some may be soluble salts which 
can also aggravate corrosion. 

Calcium Nitrate, which can be used as a 
corrosion inhibitor, also can function 
as an accelerator. There are no 
consensus standards available for the 
use of this material. Manufacturer 
specification sheets should be consulted 
for proper use. 

(3) Mineral admixtures include fly ash, ground 
granulated blast furnace slag, natural 
pozzolans, lime, and microsilica (microsilica 
is also known as silica fume). Currently 
all of these materials are being used as 
additives or to reduce cement contents. 
Mineral admixtures are accepted based on 
approved sources with certifications and 
verification samples. 
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(a )  According to the American Society of 
Testing and Materials (ASTM) C 618 and 
AASHTO M 295 there are two classes of 
fly ash, class C and class F. Since 
variability in fineness and carbon 
content can affect air content, the 
optional uniformity specifications in 
AASHTO M 295 should be specified when 
air entrained concrete is used. Fly 
ashes with LO1 values less than 3 
percent will typically not affect air 
content. Vinsol resin air entrainment 
admixtures should be specified when fly 
ash with LO1 higher than 3 percent is 
used. 

1 - Fly ash may be used as a supplement 
or a replacement and is typically 
limited to 15 to 25 percent. If it 
is used as a replacement, it 
replaces cement on a 1.0 to 1.2:l 
basis by weight. 

2 - Fly ash can be used to increase 
workability, reduce permeability, 
and mitigate alkali silica reaction 
(ASR); some Class C can make it 
worse. Class F fly ash with a 
calcium oxide content less than 
10 percent can be used to mitigate 
ASR and sulfate attack. Fly ash 
with a calcium oxide content 
greater than 10 percent should be 
used in concrete which will be 
subjected to sulfate attack only 
with verification testing. This 
percentage and fly ash 
classification should only be used 
as a guide; further qualification 
should be based on ASTM C 452. 

3 - The cementing action with fly ash 
is pozzolanic in nature. The 
pozzolanic reaction with fly ash 
stops at approximately 4 O  Celsius. 
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precautions need to be taken when 
using fly ash in concrete at lower 
temperatures. It should also be 
noted that fly ash can reduce early 
strength development and, 
therefore, should be monitored 
closely. 

(b) Ground granulated blast furnace slag 
specifications are contained in 
AASHTO M 302. 

- Ground granulated blast furnace 1 
slag (GGBFS) is a cementitious 
material and can be substituted for 
cement on a 1:l basis by weight for 
up to 50 percent of the cement in 
the mix. 

2 - For fresh concrete using GGBFS, the 
air entrainment agent dosage may 
need to be increased. The 
workability and finishability 
typically are improved but in mixes 
having high cementitious material 
content, mixes can be sticky and 
difficult to finish. Bleeding may 
be reduced and setting time may be 
longer. 

3 - Ground granulated blast furnace 
slag can reduce sulfate attack, 
alkali-aggregate reactions, and 
permeability. The rate of strength 
gain is usually decreased and 
sensitive to low temperature. 

(c) Microsilica specifications are contained 
in PLASHTO M 307. Microsilica can be 
used as an admixture or as a replacement 
for an equivalent amount of cement to 
produce high strength concrete. 
Microsilica will reduce permeability and 
help reduce alkali-aggregate reactions. 



FHWA TECHNICAL ADVISORY T 5080.17 
July 14, 1994 

1 - Microsilica has been used as an 
addition to concrete up to 
15 percent by weight of cement, 
although the normal proportion is 
10 percent. With an addition of 
15 percent, the potential exists 
for very strong, brittle concrete. 
It increases the water demand in a 
concrete mix; however, dosage rates 
of less than 5 percent will not 
typically require a water reducer. 
High replacement rates will require 
the use of a high range water 
reducer. 

2 - Microsilica greatly increases the 
cohesion of a mix, virtually 
eliminating the 'potential for 
segregation. However, the cohesion 
may cause mixes to be sticky and 
difficult to finish. It may be 
necessary to specify a higher slump 
than normal to offset the increased 
cohesion and maintain workability. 
In addition, microsilica in the mix 
greatly reduces bleeding; 
therefore, mixes which contain 
microsilica tend to have a greater 
potential for plastic shrinkage 
cracking. It id imperative to use 
the proper curing methods to 
prevent the surface water from 
evaporating too quickly. 

4 .  PROPORTIONING. Most of the concrete placed in highway 
facilities in the United States are under severe 
exposure conditions. State highway agencies specify a 
recipe for concrete mixes which includes minimum cement 
content, maximum water-cement ratio, air content range, 
and minimum strength. These requirements are necessary 
to achieve durability, as well as strength. 

a. The maximum aggregate size should be as large as 
possible. This reduces total aggregate surface 
area and results in lower cement demand. The 
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maximum aggregate size should be limited to 
20 percent of the narrowest dimension of a 
concrete member, 7 5  percent of the clear spacing 
between reinforcing steel, or 3 3  percent of the 
depth of a slab for unreinforced concrete. 

b. The minimum cement content refers to all 
cementitious and pozzolanic material in the 
concrete, including cement and any mineral 
admixtures that are being added to or substituted 
for cement. Replacement rates should be based on 
those contained in paragraph 3 d ( 3 ) .  

(1) The PCA recommends a minimum cement content 
of 3 3 5  kg/m3 for concrete placed in severe 
exposure conditions and ACI 316R recommends a 
minimum cement content of 3 3 5  kg/m3 for 
concrete pavements in all locations unless 
local experience indicates satisfactory 
performance with lower cement contents. Even 
if strength requirements can be met with a 
lower cement content, a minimum cement 
content of 3 3 5  kg/m3 should be used unless it 
can be demonstrated that the concrete will be 
durable. 

In cases where local experience allows a 
reduction in cement content below 3 3 5  kg/m3 
the cement content should not be reduced 
below the following minimum cement contents 
recommended by ACI 302.1R Table 5 . 2 . 4  for 
concrete slab and floor construction. The 
minimum cement contents listed below are 
based on the nominal maximum size of the 
aggregate. The cement content decreases as 
the nominal maximum aggregate size increases 
due to the decrease in aggregate surface 
area. 

Nominal maximum size Cement content 
aggregate, mm kg/m3 
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(3) Low strength concrete in the field should not 
be addressed by arbitrarily increasing the 
cement content since an increase in cement 
content will increase the water demand 
leading to higher shrinkage and permeability. 
All changes in mix proportions should be 
evaluated with a trial batch. 

c. The water-cement ratio in all cases should be as 
low as possible while maintaining workability. 
For freeze thaw resistance the following maximum 
water cement ratios are recommended iri ACI 201.2R. 

Thin sections (bridge decks, pavements and 
curbs) and sections with less than 25 mm 
cover and concrete exposed to deicing 
salts 0.45 

all other structures 0.50 

The water-cement ratio should include the 
weight of all cement, pozzolan, and other 
cementitious material. 

d. The air content in the mortar fraction of'the mix 
should contain approximately 9 percent air for 
concrete mixes exposed to severe conditions. 

(1) The following recommendations are from 
ACI 201.2R Table 1.4.3. 

Nominal maximum size Air content 
aggregate, mm Percent 

(2) The specified tolerance for air content 
should be + 1% percent. 

5. PROPERTIES OF CONCRETE. Trial batches should be 
performed on all mixes at the expected placement 
temperatures. This is especially true for mixes 
containing multiple admixtures. 
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a. Workability. A concrete mix must be workable to 
ensure proper consolidation and finishing. The 
workability of a mix is a function of the 
gradation of the aggregate, amount and type of 
admixtures, water content, concrete temperature, 
and time. Once a workable* mix is established 
during the trial batch process, slump can be used 
to monitor the consistency and uniformity of the 
mix. Slump, by itself, is not a measure of 
workability. 

Durability 

(1) Freeze-thaw durability depends on durable 
aggregates, proper air entrainment, low 
permeability, and a low water-cement ratio. 

(2) D-cracking is strictly a pavement durability 
problem and is associated with aggregates. 
It should be addressed with the source 
approval of the aggregates. 

( 3 )  Alkali aggregate reactions are mostly the 
result of the alkali content of the cement in 
the concrete. The most common alkali 
aggregate reaction is associated with 
silicious aggregates although reactions have 
occurred with carbonate materials. If a 
reactive aggregate is encountered, several 
options are available: not using the source 
of aggregate, using a low alkali cement, 
using fly ash, or using microsilica. If 
alkali reactive aggregates are used, testing 
should be performed with the mix prior to its 
use to ensure a durable concrete. 

(4) 'Resistance to or susceptibility to sulfate 
attack depends on the chemical composition of 
the cementitious portion of the concrete. 
Sulfate attack can occur from ground water, 
deicing salts, or sea water. Type I1 or 
Type V cement or some fly ashes, may be used 
to mitigate the problem. 

c. Strength. The strength requirement is the 
compressive strength, f f , ,  at 28 days. This must 
be equal to or exceed the average of any set of 
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three consecutive strength tests. No individual 
test (average of two cylinders) can be more than 
3 . 5  MPa below the strength requirements in the 
specification. 

MIXING, AGITATION, AND TRANSPORTATION 

a. In order to ensure proper operation, a concrete 
plant must be calibrated and inspected. Plant 
approval should include all the items covered in 
the Checklist for Portland Cement Concrete Plant 
Inspection (Attachment 1). This same checklist 
also discusses the inspection of truck mixers. 
The plant certification program operated by the 
National Ready Mix Concrete Association covers the 
same information contained in the attachment. 

The mixing time for central mixers and approval of 
truck mixers should be determined by the 
uniformity test discussed in AASHTO M 157, Ready 
Mixed Concrete. The test is based on the 
comparison of tests on samples taken at the first 
and last 15 percent of the load. The following 
are maximum permissible differences to consider 
the mix properly mixed. 

Test 
Maximum 
Difference 

Unit weight (air free basis) 15 kg/m3, 
Air content 1 percent 
Slump 

less than lOOmm 2 5mm 
100 to 150mm 37.5mm 

Coarse aggregate content 6.0 percent 
Unit weight of air free mortar 1.6 percent 
Compressive strength (7 day) 7.5 percent 

c. Water added at the job site must be measured 
accurately. A water meter is the most accurate 
method for determining the amount of water added 
to the mix. 

d. The recommendations for testing appear in 
paragraph 11, Quality Control and Testing, of this 
document. 
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e. The haul time should be limited to 90 minutes for 
truck mixers that agitate the mix and 30 minutes 
for trucks that do not agitate the mix. The 
maximum number of revolutions for truck mixers 
should be limited to 300. 

f. No admixtures or water should be permitted to be 
added to the mix after the mixer has started 
unloading. 

7. PLACEMENT AND CONSOLIDATION 

a. Prior to placement of the concrete an inspection 
should occur covering the items in either the 
checklist for the placement of structural concrete 
(Attachment 2) or the checklist for the placement 
of concrete paving (Attachment 3). 

b. Acceptance testing for pumped concrete should 
occur at the discharge end of the pump. 

c. Aluminum pipe and chutes should not be used in 
concrete pumping operations. 

d. Concrete can be conveyed to the location of 
placement by several commonly used methods 
including pumps, belt conveyors, buckets, chutes, 
and dropchutes. Care should be taken to ensure 
that there is no debris or blockages that will 
hinder or influence the properties or flow of the 
material. Concrete should not be allowed to free 
fall from distances greater than 1.2 meters to 
avoid segregation. 

e. All concrete should be accompanied to the project 
with a delivery ticket. A sample delivery ticket 
appears as Attachment 4. 

f. The proper consolidation of concrete is a 
significant factor in the ultimate performance of 
the concrete and it is achieved through vibration. 
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(1)   he following are recommended frequencies for 
vibrators from ACI 309. 

Diameter of Frequency 
head, mm vibrations per minute 

8. CURING AND PROTECTION 

a. Curing 

(1) Curing is performed to maintain the presence 
of water in concrete and to provide a 
favorable temperature for cement hydration. 
Methods of curing include ponding, spraying, 
and fogging with water, wet covers such as 
burlap, plastic sheets, membranes, and the 
use of steam, electric forms, or insulation. 

(2) The application rate of a particular curing 
compound should be based on the rate 
established during the approval process of 
the curing compound. The AASHTO M 148 
inpicates that a rate of application of 
5m /liter should be used for testing the 
material if no other rate is specified. 

b. Protection 

(1) Cold weather protection should be required 
when it is expected that the daily mean 
temperature for three consecutive days will 
fall below 4O Celsius. The following 
recommendations are for the minimum 
temperatures for delivered concrete as they 
appear in AASHTO M 157. 

Air Minimum Concrete Temperature 

Temperature Thin Thick 

-1 to 7OC 
-18O to -l°C 
Below -18OC 
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Thin sections are defined as those less than 
300 mm. 

(2) Concrete should never be placed on a frozen 
subgrade. Care should be taken to assure 
that the subgrade is free from frost. 

(3) Hot weather conditions can be defined as a 
condition of high temperature, low humidity, 
and high winds. The existence of these 
conditions can be determined by finding the 
evaporation rate described in ACI 305 and 
included in Attachmen: 5. An evaporation 
rate exceeding 1 kg/m/hr has the potential 
of causing plastic shrinkage cracks. The 
evaporation rate is a function of concrete 
temperature, ambient temperature, relative 
humidity, and wind velocity. This chart 
has been incorporated into several State 
specifications. It may not completely apply 
in all cases, especially in mixes containing 
admixtures which reduce the amount of 
bleeding. 

( 4 )  In addition to the plastic shrinkage cracking 
problem, ultimate strength will decrease with 
higher temperatures. The ACI has not 
recommended a maximum concrete temperature 
since strength loss can be compensated for by 
other means. 

However, significant strength loss occurs 
above 32OC. Due to the strength loss and 
increase in potential for plastic shrinkage 
cracking, many States have set a maximum 
ambient placement temperature of 32OC. In 
all cases, trial batches should be performed 
at the highest expected temperature to ensure 
that the concrete will have the desired 
properties. 

CONCRETE DISTRESS CONDITIONS 

a. Alkali aggregate reactivity can be one of two 
types, alkali-silica and alkali-carbonate. The 
most prominent problem is cracking of the concrete 
due to the alkali-silica reaction (ASR). 
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A widely used test to determine ASR is 
ASTM C 227. The current test criteria allow 
a maximum expansion of 0.05 percent at 
3 months and 0.1 percent at 6 months. 
Research by PCA indicates that the critical 
criteria is 0.1 percent ultimate expansion. 
Since some reactions take longer than others, 
testing should continue as long as expansion 
is occurring. Some aggregates may take 
several years to show expansion. 

(a) Recently the Strategic Highway Research 
Program developed a test which can be 
used for rapid determination of ASR. It 
is called the Gel Fluorescence Test and 
can be performed easily and 
inexpensively by field personnel. With 
this test, a 5 percent solution of 
uranyl acetate is applied on the 
concrete surface. Ultraviolet light is 
then used to illuminate the surface and 
if ASR exists, a yellow-green 
fluorescent glow will appear. Some 
safety concerns may be associated with 
this test so proper precautions are 
recommended. It should also be noted 
that the test is limited to preexisting 
concrete and not to fresh concrete. 

(b) Alkali-silica reaction can be mitigated 
by limiting the alkali content of 
portland cement to 0.6 percent, by using 
class F fly ash or microsilica 
admixtures, or by reducing the water to 
cement ratio. The success of this 
approach may be limited; therefore, 
laboratory testing should be conducted. 
Protecting the final structure from 
moisture also reduces ASR. 

(c) Although PCA recommends 25 percent of 
the fine aggregate be siliceous material 
to improve skid resistance, the use of 
some siliceous material can promote the 
ASR reaction and requires care to ensure 
this will not occur. 
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(2) Alkali-carbonate reaction (ACR) may occur 
with dolomitic limestones which contain large 
amounts of calcite, clay, or silts. 
ASTM C 586 is used to screen dolomitic 
materials for alkali-carbonate reactions. 

b. D-cracking occurs when freeze-thaw conditions 
combine with saturated concrete made from 
susceptible coarse aggregates. The problem is 
only associated with pavements. Some dolomites 
and limestones are susceptible due to their pore 
structure, 

The most common test for predicting 
D-cracking susceptible aggregates is 
AASHTO T 161. There are two methods 
contained in the procedure. In method A 
the specimens are immersed in water for 
freezing and thawing. In method B the 
specimens are frozen in air and thawed in 
water. The number of freeze thaw cycles 
varies between 300 to 350. The minimum 
durability factor specified by the States 
range between 80 and 95. Some States have 
also specified a maximum expansion criteria 
range between 0.025 percent and 0.06 percent. 
It should be noted that the test method 
allows a significant range of time for 
freezing and thawing cycles. This can 
account for the variation in the criteria 
used by the States. Care needs to be taken 
when establishing criteria so that it will 
correspond to the test equipment and the 
history of performance of the aggregates. 

( 2 )  The hydraulic fracture test developed under 
SHRP may be able to provide a determination 
of the D-cracking susceptibility of 
aggregates in only about 1 week compared with 
the 8 weeks for T 161. In this test, dry 
aggregates are submerged in a pressure 
chamber and the pressure is increased to 
force water into the pores. After releasing 
the pressure, D-cracking susceptible 
aggregate will fracture as the water is 
forced out of the pores. 
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10. MANUFACTURED CONCRETE PRODUCTS Concrete products 
consist of structural elements constructed at a plant 
and trucked to the jobsite. These precast products 
typically consist of beams, pipes, barriers, poles and 
other special elements. The criteria outlined within 
this document apply to these products as well. 
Additional information about prestressed products are 
contained in the Checklist for Prestressed Concrete 
Products in Attachment 6. 

11. 9UALITY CONTROL AND TESTING 

a. All testing should be performed by certified 
technicians. The ACI and the National Institute 
for Certification in Engineering Technologies 
(NICET) administer a concrete technician 
certification program. Guidance for establishing 
a certification program for testing personnel 
appears in a FHWA paper titled 18Laboratory 
Accreditation and certification of Tessing 
Personnel." 

Process control testing should be performed on 
aggregate moisture content, aggregate gradation, 
air content, unit weight, and slump at the plant. 

(1) The specifications should require that the 
contractor provide a process control plan. 
The State should also provide guidance on the 
minimum requirements for a process control 
plan. As a minimum, the process control plan 
should include the information contained in 
Attachment 7. 

(2) All process control tests should be plotted 
on control charts. Control charts are a good 
visual tool for discovering trends quickly 
before major problems occur. 

The acceptance procedures should include 
monitoring of the process control activities 
including aggregate gradation testing. In 
addition, acceptance testing at placement would 
include slump, strength, and air content. Close 
monitoring of the water-cement ratio is also 
required since this will ultimately affect the 
durability and strength of the concrete. 
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~dditional information on acceptance procedures is 
provided in the Technical Advisory on Acceptance 
of  ater rials T 5080.11. 

d. It is recommended that compressive strength be 
accepted using statistical criteria (based on 
average strength and standard deviation) to ensure 
that the strength, itc, at 28 days, is equal or 
exceeded by the average of any set of three 
consecutive strength tests. No individual test 
(average of two cylinders) can be more than 3.5 
MPa below the specified strength. There are two 
strengths to be considered. One is the minimum 
specified strength (PC) which is a function of 
the structural requirements. The second is the 
average strength for mix design (f ',,) . The f ',, 
must be higher than itc to ensure that the 
concrete will exceed the minimum specified 
strength. The following recommendations for itcr 
ar,e from ACI 318. 

(1) Unknown Standard Deviation 

Specified compressive 
strength, MPa 

Required average 
compressive. 
strength, MPa 

Less than 20MPa f', + 6.9 

Over 35MPa f', + 9.6 

(2) Known Standard Deviation 

For greater than 30 test results (one test 
result is the average of two cylinder breaks) 
i t c  is the greater of the two values from 
the following equations. 

MPa 

s = Standard deviation 
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(3) For 15 to 30 test results the standard 
deviation in the above formulas can be 
modified by the following factors. 

No. of Tests 
Modification factor for 
standard deviation 

Less than 15 use table for unknown s 
15 1.16 
20 1.08 
25 1.03 
30 1.00 

e. Air content and slump should be accepted based on 
an attribute system, i.e., pass/fail. The 
following is a recommended criteria. 

Acceptance Air content Slump 
criteria deviation, % deviation, 

mm 
Acceptable < 1.5 < 25mm 

Acceptable for 
trucks on 

P the road 1.5 to 2 

Re] ect > 2 > 31.5mm 

f. Testing procedures for resistance to freeze-thaw 
damage, deicing salt attack, and abrasion 
resistance are long and involved and do not lend 
themselves to testing on a routine basis. These 
tests are usually conducted to determine the 
durability of the concrete. It should also be 
noted that high strength concrete does not always 
insure durable concrete. 

w 
Anthony R. Kane 
Associate Administrator 
for Program Development 

Attachments 
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CHECKLIST FOR 
PORTLAND CEMENT CONCRETE PLANT INSPECTION 

A. Cements and Mineral Admixtures (cement, fly ash, 
etc.) 

(1) Is evidence of cement or fly ash 
acceptability present (certification, test 
results) ? 

(2) Are bins or silos tight and provide for free 
movement to discharge opening? 

(3) Are bins or silos periodically emptied to 
check for caking? 

(4) Plants should provide separate storage for 
each type of cement or mineral admixture 
being used. Are the materials being isolated 
to prevent intermingling or contamination? 

B. Aggregates 

(1) Does the plant display evidence of source 
approval? . 

(2) Are aggregates stockpiled to prevent 
segregation and degradation? The preferred 
method of stockpiling is in layers. Cone 
shaped stockpiles will segregate. 

( 3 )  Are stockpiles adequately separated to 
prevent intermingling? 

(4) Does the plant maintain separate storage bins 
or compartments for each size or type of 
aggregate? Are the aggregates tested for 
gradation and moisture content? 

(5) What is the surface underneath stockpiles? 
Soil or paved? Are the stockpiles covered? 
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C. Water 

(1) Does the plant have an adequate water supply 
with pressure sufficient to prevent 
interference with accuracy of measurement? 

( 2 )  Is there any evidence or history of 
contaminants in supply? 

D. Liquid Admixtures 

(1) Is there evidence of source approval? 

(2) Is the admixture and dispensing equipment 
protected from freezing, contamination, or 
dilution? 

(3) How often are the admixture metering and 
dispensing equipment periodically cleaned? 

A. Scales 

(1) Scales should indicate weight by means of a 
beam with balance indicator, full range dial, 
or digitdl display. 

(2) For all types of batching systems the 
weighing devices must be readable by the 
batchman and the inspector from their normal 
stations. 

(3) Scales should be certified or should be 
calibrated with a certified scale. 

(4) Ten 25 kilogram test weights should be 
available at the plant at all times. 

( 5 )  Scale accuracy should generally be within 
plus or minus . 4  percent of the scale 
capacity. 

(6) Water meters will need to be calibrated to 1 
percent of total added amount. 
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(3) Mixers are to be examined periodically to 
detect changes in condition due to 
accumulation of hardened concrete or blade 
wear. A copy of the manufacturer's design, 
showing dimensions and arrangements of 
blades, should be available at the plant at 
all times. 

B. Truck Mixers 

(1) Mixers should be equipped with a metal plate 
that indicates mixing speed, capacity, mixing 
revolutions, agitating speed and agitating 
capacity. 

(2) Mixers should be equipped with a revolution 
counter. 

(3) Mixers are to be examined to determine 
satisfactory interior condition, that is, no 
appreciable accumulation of hardened concrete 
and no excessive blade wear. A copy of the 
manufacturer's design, showing dimensions and 
arrangements of blades,, should be available 
at the plant at all times. 

( 4 )  Charging and discharge openings and chutes 
should be in good condition. 

Weather 

A. Hot Weather 

(1) When concreting during hot weather, is plant 
equipped to cool ingredients? Is equipment 
available to produce acceptable ice? 

(2) How are aggregates cooled? If by sprinkling, 
is provision made to account for excessive 
water? 

B. Cold Weather 

(1) When concreting during cold weather, is plant 
equipped to heat ingredients to produce 
concrete of applicable minimum temperature. 
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CHECKLIST FOR 
STRUCTURAL CONCRETE 

1. TREATMENT OF FOUNDATION MATERIAL 

Has special care been taken not to disturb the bottom 
of any foundation excavation? 

2. CURING 

Is the concrete being cured for 7 days, by one of the 
following methods? 

(a) Waterproof paper method 

(b) Polyethylene sheeting method 

(c) Wetted burlap method 

(d) Membrane curing method 

3. REINFORCEMENT BAR STORAGE 

Are all delivered rebars being stored above the ground 
upon skids, platform, or other supports? A light 
coating of rust will not be considered objectionable. 

Are epoxy coated bars being stored on padded supports 
and handled to prevent damage to the bar coating? 

4. FORMS 

Are the forms clean, braced, tight, and sufficiently 
rigid to prevent distortion? 

When wooden forms are used, are they dressed lumber or 
plywood and oiled prior to rebar placement? 

Are all 'sharp corners in forms being filleted with 
20 millimeters molding, unless otherwise specified? 

5. REINFORCEMENT BAR PLACEMENT 

Are all reinforcement bars tied securely in place? Are 
epoxy coated bars being tied with plastic or epoxy 
coated tie wire? 
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8. TEMPERATURE CONTROL 

Are proper precautions being taken for hot and cold 
weather concrete? 

If outside temperatures warrant it, are temperature 
checks of the plastic concrete being taken? 

9. TIME OF HAUL 

Is all concrete that is being hauled in truck mixers 
being deposited within 90 minutes from the time stamped 
on the tickets? 

If central-mixed concrete is hauled in nonagitor 
trucks, is the concrete being deposited within 
30 minutes? 

10. REVOLUTIONS 

Have 70 to 100 mixing revolutions at mixing speed been 
put on the truck at the required speed (6-18 RPM)? 

Have 30 mixing revolutions been placed on the truck at 
the required speed (6-18 RPM) after water has been 
added at the site? 

Is the agitating speed between 2-6 RPM? 

Are total number of revolutions being limited to 300? 

11. CONCRETE DELIVERY TICKET 

Are all truck tickets being properly completed, 
collected, and retained? 

12. WATER CONTROL 

Is all water that is being added to the mix accounted 
for and checked to ensure the w / c  ratio is not 
exceeded? 

AIR CONTENT DETERMINATION 

Are air content tests being performed according to the 
required frequency? 
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SLUMP TEST 

Are slump tests bring performed according to the 
required frequency? 

STRENGTH TEST 

Are concrete test specimens being cast at the site of 
work as per the required frequency? 

PLACING CONCRETE 

Is the concrete being deposited as near its final 
position as possible? (Moving concrete horizontally 
with vibrators is not permitted.) 

Is the concrete being bucketed, belt conveyed, pumped, 
or otherwise placed in such a manner as to avoid 
segregation and is not being allowed to drop more than 
1.2 meters? 

CONSOLIDATION 

Is all the concrete being consolidated with hand 
operated spud vibrators while it is being placed? 

FINISHING (DECKS) 

Is a finishing machine (having at least one 
reciprocating, nonvibratory screed operating on rails 
or other supports) being used to strike off and screed 
the bridge deck? 

STRAIGHTEDGE TESTING AND SURFACE CORRECTION (DECK) 

Is the plastic concrete being tested for trueness with 
a 3 meter straightedge held in contact with the slab in 
successive positions parallel to the centerline? 

Are all depressions being immediately filled and all 
high areas being cut down and refinished? 

SURFACE TEXTURING 

Is the deck surface being textured with either a burlap 
drag or an artificial turf drag followed by tining with 
a flexible metal comb? 
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CHECKLIST 
FOR 

PORTLAND CEMENT CONCRETE PAVING 

1. SUBBASE TRIMMING 

Has the subbase been trimmed prior to paving? 

2. PAVING FORMS (IF USEDL 

Are the forms: metal, not less than 3 meters in 
length, equipped with both pin locks and joint locks, 
within 2 millimeters along the length of its upper 
edge, within 7.5 millimeters along-the length of its 
front face, and in sufficient supply. 

'k 

Is the height of form face at least the edge thickness 
of proposed pavement, the base width equal to or 
greater than the height, and are three steel pins being 
used to secure each section? 

Are the forms being set on a hard and true grade, built 
up in 12.5 millimeters maximum lifts of granular 
material in low areas (without using wooden shims) and 
oiled prior to the placing of concrete? 

When wooden forms are allowed, are they full depth, 
smooth, free of warp, not less than 50 millimeters 
thick when used on tangent, and securely fastened to 
line and grade? 

Are curved form of metal or wood being used on curves 
of 3 0  meters radius or less? 

3. FORM ALIGNMENT 

Is the contractor checking the forms for line and grade 
and making necessary adjustments prior to concrete 
placement? 

4. TEMPLATE 

Is the surface of the subbase being tested for crown 
and elevation by means of a template? 
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SUBBASE THICKNESS TEST 

After trimming, is the thickness of the subbase being 
checked? 

6. DRAINAGE 

Is the subgrade being kept drained during all 
operations? Are all berms of earth deposited adjacent 
to the grade being kept drained by cutting lateral 
ditches through the berms? 

7. LUG SYSTEMS (CONTINUOUSLY REINFORCED) 

If concrete lug end anchorages are specified, are they 
staked and checked for dimensions and re-bar placement 
as shown in the plans? 

Are they constructed of Structural Concrete at least 
24 hours prior to pavement construction? 

8. LONGITUDINAL JOINT KEYWAY AND BARS 

Are the beginning and ending stations marked where 
adjacent curb, median, or pavement will necessitate the 
placement of keyway and/or bars in the edge of the 
proposed pavement? 

9. SUPERELEVATION STAKING 

Are the plan curb data examined for all curves to 
determine where to stake the beginning and ending 
stations for all superelevation transitions? 

TEMPERATURE LIMITATIONS 

Does the outside air temperature in the shade meet 
State specifications? 

Does the temperature of the concrete meet State 
specifications at the time of placement? 

REINFORCEMENT LAPPING 

Are the locations and lengths of lap for bar or fabric 
reinforcement in conformance with the specifications. 

Are all bar and fabric laps being tied? 
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TRUCK REOUIREMENTS 

Is all concrete in a stationary mixer being deposited 
within 30 minutes when hauled in non-agitating trucks 
and within 90 minutes when hauled in agitator trucks? 

Is transit mixed concrete being delivered and deposited 
within 90 minutes from the time stamped on the ticket? 

If the contractor plans to use previously placed 
pavement as a haul road, are the truck weights checked 
to assure compliance with maximum weights permitted by 
State Law? 

REINFORCEMENT PLACEMENT 

Is the reinforcement being placed in accordance with 
one of the following methods? 

Method A - After the full depth concrete is struck off 
the reinforcement should be placed into the concrete to 
the required depth by mechanical means. 

Method B - The reinforcement should be supported on the 
prepared subbase by approved chairs having sand plates. 

Method C - When the concrete is being placed in two 
layers the reinforcement should be laid full length on 
the struck-off bottom layer of concrete in its final 
position without further manipulation. (Cover within 
30 minutes.) The depth of the first lift is 2/3 the 
depth of the pavement. 

Method D - The reinforcement may be placed in the 
pavement using a method which does not require 
transverse steel or support chairs for support of the 
longitudinal steel. Tie bars at longitudinal joints 
are still required. 

SEQUENCES OF FORM TYPE PAVING 

Is all of the required concrete finishing equipment on 
the job and in acceptable working condition? Are the 
following sequences for form type paving being properly 
followed : 
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(a) Placing concrete. As little rehandling as 
possible. If equipment used can cause 
segregation, is the concrete being unloaded 
into an approved spreading device? 

(b) Strike-off. Is the concrete being struck 
full width to the approximate cross section 
of the pavement? 

(c) Consolidation. Is one pass of an approved 
surface vibrator or internal vibrator being 
made ? 

(d) Screeding. Are at least two passes with a 
machine having two oscillating screeds, and a 
finisher float being made? 

(e) Straightedging - Are at least two 3 meter 
long shoulder operated or surface operated 
surf ace trueness testers (straightedges) 
being used? 

(f) Surfacing Texturing - Are State 
specifications for texturing and tining being 
followed? 

15. SEOUENCES OF SLIPFORM PAVING 

When the contractor uses this optional method for the 
construction of the pavement are the following 
sequences being properly followed: 

(a) Is the formless paver capable of spreading, 
consolidating internally, screeding and float 
finishing the newly placed concrete in one 
pass to the required line and grade? 

(b) Is the pavement being straightedged, edged, 
and textured as required in the previous 
question 14? 

(c) Does the contractor have available at all 
times metal or wooden sideforms and burlap or 
curing paper for the protection of the 
pavement in case of rain? 

(d) Is the contractor immediately repairing all 
slumping edges in excess of 12.5 millimeters? 
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THICKNESS TEST 

Is the thickness of the pavement being checked? 

AIR CONTENT 

Is the air content being tested as required by the 
frequency chart? 

SLUMP 

Is the slump being checked as required by the frequency 
chart? 

REINFORCEMENT, DOWEL, AND TIE BAR DEPTH CHECKS 

Is the concrete being probed to check the vertical and 
horizontal positioning of the pavement reinforcement, 
dowels, and tie bars? 

STRENGTH 

Are test specimens being cast at the site of work at 
the required frequency: 

(a) at least one set per day 
(b) one set for every 150 meters of two lane 

pavement (300 meters of one lane pavement) 

LONGITUDINAL JOINT 

(a) Are tie bars placed properly? 

(b) Are the joints sawed at the same time as the 
transverse joints with pavement widths 
greater than 7.3 meters? Are they cleaned 
and immediately filled with sealer? 

TRANSVERSE JOINTS 

(a) Are the smooth dowel bars positioned parallel 
to the grade at a depth of t. 

Are the dowel bars coated with a thin bond 
breaker? 

Are the capped ends of the bar coated with a 
debonding agent? (Expansion joints) 
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(b) Is a 1/3T deep groove being sawed over each 
assembly as soon as possible after concrete 
placement? Cleaned immediately? 

(c) Are all joints being sealed after the curing 
period and before opening to traffic? 

23. TRANSVERSE CONSTRUCTION JOINTS (CONTINUOUSLY REINFORCED 
CONCRETE 1 

(a) Are construction joints being placed at the 
end Of each day's operation or after an 
interruption in the concreting operation of 
30 minutes or more? 

(b) Are construction joints being placed at least 
1 meter from nearest bar lap? 

(c) Are construction joints strengthened by 
supplementary 1.8 meter long bars of the same 
nominal diameter as the longitudinal steel so 
that the area of steel through the joint is 
increased by at least ,1137 

(d) Are construction joints formed by means of a 
clean (not oiled) split header board 
conforming to the cross section of the 
pavement? 

(e) Is the concrete at construction joints being 
given supplemental internal vibration along 
the length of the joint both at the end of 
the day's operation and once again at the 
resumption on the next day? This is 
critical. 

TRANSVERSE CONSTRUCTION JOINTS (JOINTED PAVEMENT) 

(a) Are construction joints being placed at the 
end of each day's operation or after an 
interruption in the concreting operation of 
30 minutes or more? 

(b) Are construction joints being placed at least 
3 meters from any transverse joint? 



- 0 
a , w w  
4 0 a 
m  m Q) 
L) k-rl 
C rdw 

-rl a -4 
0 U 
-nd Q) 

a, a 
c 3 m  
0 0 
-4 a m 

u a c  
U d  0 
3 .Q 
k f d u  
u u u  
m - d  a, 
c 3 m  
o m  1 
U M 

rd m  
a 0 
klu  k 

$1 
r-i @* 
- 4  Q) 
fd JJ a a, 
k 



FHWA TECHNICAL ADVISORY T 5080.17 
July 14, 1994 
ATTACHMENT 3 

(d) Membrane Curing Method. Are surfaces covered 
as soon as the water sheen has disappeared, 
with two separate applications of agitated 
white curing coppound being uniformly applied 
at a rate of Sm /1? (Note that each 
application should be separated by at least 
1 minute). 

Do the curing compounds meet specification 
requirements? 

PROTECTION 

Is the contractor providing protection of the pavement 
from low temperatures? 

Does the contractor have adequate protection on hand in 
case of rain? 

SURFACE VARIATIONS 

A t  the end of curing period, is the pavement being 
profilographed or straightedged in each wheel lane for 
surface variations? 

(a) Are all bumps being marked, ground down or 
pavement replaced? 

OPENING TO TRAFFIC 

Is the pavement being closed to traffic until: 

(a) The curing and protection period has elapsed? 

(b) All joints have been sealed? 

(c) The required strength has been achieved by 
test specimen? 

(d) If the contractor wishes to open the pavement 
to traffic prior to the date of your first 
routine strength test, are additional 
specimens being cast and then allowed to cure 
out in the open the same as the pavement? 
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HAUL TICKET FOR 
TRUCK MIX CONCRETE 

PROJECT NO. DATE : 
BATCHED FROM (PLANT) TRUCK NO. 
NO. CUBIC METERS CLASS OF 
CONCRETE 

BATCH WEIGHTS 

CEMENT BRAND A I R  ENTRAINMENT BRAND 
kg grams 

F I N E  A G G - u  RETARDER BRAND 
kg grams 

COARSE AGGR. SOURCE WATER REDUCER BRAND 
kg ml 

FLY ASH SOURCE 
kg 

WATER 
MAXIMUM WATER ALLOWED, L i t e r  
FREE MOISTURE 

CA L i t e r s  
FA L i t e r s  

WATER ADDED AT PLANT L i t e r s  
MAXIMUM WATER THAT CAN BE 

ADDED AT THE S I T E  L i t e r s  

PLANT 

TIME WATER ADDED TO MIX 
AM 
PM 

NUMBER OF MIXING 

S igna tu re  

S I T E  

TIME DISCHARED COMPLETED 
AM 
PM 

WATER ADDED AT J O B S I T E  
L i t e r s  

TOTAL WATER I N  B A T C H  
L i t e r s  

MIXING R E V O L U T I O N S 7  
S I T E  

TOTAL NO. O F  REVOLUTIONS 
SLUMP A I R  

UNIT WEIGHT 
CONC. TEMP 
A I R  TEMP 

S igna ture  
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NOMOGRAPH USED TO 
DETERMINE EVAPORATION RATE 
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CHECKLIST FOR QUALIFICATION OF FACILITIES 
FOR PRESTRESSED CONCRETE PRODUCTION 

1. Items which require written approval: (check 
applicable blanks) 

(a) Plans and computations of facilities 

(b) Concrete mix design (should include curves 
for 28-day strength) vs W/C Ratio: 

(c) Curing method 

(d) Epoxy-sand mortar, if used 

(e) Coal tar epoxy, if used 

( f ) Water reducer-retarder 

(g) Design Engineer should be approved by State 
DOT 

(h) Gauge calibration should be certified 

(i) Computations regarding beam tests (2 weeks 
prior to testing) 

What is length and capacity of stressing bed(s) 

Bed 
Bed 
Bed 

No. 
No. 
No. 

Length 
Length 
Length 

Capacity 
Capacity 
Capacity 

Procedure of prestressing (pretensioning) and stress 
release : 

(a) Jacks, carriages, and struts are adequate to 
attain and maintain design stress. 
Yes No 
Comments : 
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(b) Stressing of straight strands: (check 
annlicable blanks) 
single strand method 
Multinle strand method 

L 

Comments : 

(c) Stressing of draped strands (check applicable 
blanks) 
Single strand method 
Multiple strand method 
Final draped position 
Partial draped position 

Comments : 

both ends 
one end 

(d) Single strand jack available. 
Yes No 

( e )  Is an accurate dynamometer available for use 
in applying initial tension to the strands? 
Yes No 

(f) What is proposed initial load to be applied 
lbs. 

(g) Isthere a permanent, accurate linear gauge 
with which to measure elongation? 
Yes No 

Forms: (Make comments in spaces provided) 

(a) Metal 

(b) True to shape and dimensions 

(c) Adequate in number 
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(d) Condition and composition of bulkheads 

(e) Type of hold-down device to be used 

(f) Is provision being made to maintain 
25 millimeter concrete cover over hold-down 
device? 

(g) Are bulkheads and hold-down devices adequate 
to maintain dimensions of strand centers as shown 
on the plans? 

Are facilities adequate for proper storage and 
handling of bridge members? 
Yes No 

(a) Approximate available storage 
area 

(b) Condition of storage 
area 

Are facilities available for roper17 testing a 
member of the design type to e fabricated? 
Yes No 

% 
(if No explain) 

Are adequate lighting facilities available in the 
event that placing of concrete at night is 
necessary? - 
Yes No 

Vibrating equipment: 

(a) Condition 

(b) Number to be used in placing 
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(c) Two spaces available 

Source of Materials: 

(a) Steel Wire and Strand (manufacturer) 

(b) Cement (type and brand name) 
- - 

(c) Coarse Aggregate (producer and location) 

(d) Sand (producer and location) 

(e) Retarder (brand name) 

(f) Form Oil (type and name) 

(g) Reinforcing Steel (producer) 

Type of concrete mixing facilities: mixed at 
plant 
Ready Mix concrete 

(a) Are concrete batching facilities adequate to 
ensure good quality and sufficient quantity to 
avoid delays under all working conditions? 
Yes No 

Testing equipment available: (check applicable 
blanks) 

(a )  Plastic cylinder molds 
No. Available 

(b) Slump Cone 

(c) Air content device 
(pressure volumetric 
7 

(d) Facilities for testing cylinders available 
at (proposed location) 
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Requirements for steam cure method: 

(a) Three (3) recording thermometers available 

(b) Temperature record charts 
- - - - 

(c) Adequate temperature control valves 

(1) What are the increments of spacing of control 
valves? 

Are facilities available for proper protection and 
handling of component materials in storage? (Rate 
" S W  if satisfactory, VJ1' if unsatisfactory, and 
"NAN if not applicable) 

fa) Wire and/or strand 
(bj ~einforcing steel 
f C) Structural steel 

Cement 
Coarse 
Sand 

Aggregate 

Is there a suitable shelter (at least 14 square 
meters floor space, facilities for lights, heat, 
desk(s), etc.) available for the inspectorts use? 

- - 

Personnel present during inspection of plants: 

Producers/Contractors Highway Department 
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GUIDE FOR QUALITY CONTROL PLAN FOR 
PORTLAND CEMENT CONCRETE 

REQUIREMENTS 

1. General Reauirements: 

The contractor should provide and maintain a quality 
control system that will provide reasonable 
assurance that all materials and products submitted 
to the State for acceptance will conform to the 
contract requirements whether manufactured or 
processed by the contractor or procured from 
suppliers or subcontractors or vendors. The 
contractor should perform or have performed the 
inspections and tests required to substantiate 
product conformance to contract document 
requirements and should also perform or have 
performed all inspections and tests otherwise 
required by the contract. The quality control 
inspections and tests should be documented and 
should be available for review by the engineer 
throughout the life of the contract. 

gualitv Control Plan: 

The contractor should prepare a Quality Control Plan 
detailing the type and frequency of inspection, 
sampling and testing deemed necessary to measure, 
and control the various properties of materials and 
construction governed by the Specifications. As a 
minimum, the sampling and testing plan should detail 
sampling location and techniques, and test frequency 
to be utilized. The Quality Control Plan should be 
submitted in writing to the engineer at the 
preconstruction conference. 

The Plan should identify the personnel responsible 
for the contractor's quality control. This should 
include the company official who will act as liaison 
with State personnel, as well as the Certified 
Portland Cement Concrete Technician who will direct 
the inspection program. 

The class or classes of concrete involved will be 
listed separately. If existing mix designs are to 
be utilized, the Mix Design Numbers should be 
listed. 
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Quality control sampling, testing, and inspection 
should be an integral part of the contractor's 
quality control system. In addition to the above 
requirements, the contractor's quality control 
system should document the quality control 
requirements shown in Table 1. The quality control , 

activities shown in Table 1 are considered to be 
normal activities necessary to control the 
production and placing of a given product or 
material at an acceptable quality level. To 
facilitate the States' activities, all completed 
gradation samples should be retained by the 
contractor until further disposition is designated 
by the State. 

It is intended that sampling and testing be in 
accordance with standard methods and procedures, and 
that measuring and testing equipment be properly 
calibrated. If alternative sampling methods, 
procedures and inspection equipment are to be used, 
they should be detailed in the Quality Control Plan. 

Documentation: 

The contractor should maintain adequate records of 
all inspections and tests. The records should 
indicate the nature and number of observations made, 
the number and type of deficiencies found, the 
quantities approved and rejected, and the nature of 
corrective action taken as appropriate. The 
contractor's documentation procedures will be 
subject to the review and approval of the State 
prior to the start of the work and to compliance 
checks during the progress of the work. 

Charts and Forms: 

All conforming and non-conforming inspections and 
tests results should be kept complete and should be 
available at all times to the State during the 
performance of the work. Batch tickets and 
gradation data will be submitted to the State as the 
work progresses. All test data will be plotted on 
control charts. It is normally expected that 
testing and charting will be completed within 
48 hours after sampling. 
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~ l l  charts and records documenting the contractorfs 
quality control inspections and tests should become 
property of the State upon completion of the work. 

Corrective Action: 

The contractor should take prompt action to correct 
conditions which have resulted, or could result, in 
the submission to the State of materials and 
products which do not conform to the requirements of 
the Contract documents. 

Non-Conforminq Materials: 

The contractor should establish and maintain an 
effective and positive system for controlling 
non-conforming material, including procedures for 
its identification, isolation, and disposition. 
Reclaiming or reworking of non-conforming materials 
should be in accordance with procedures acceptable 
to the State. 

All non-conforming materials and products should be 
positively identified to prevent use, shipment, and 
intermingling with conforming materials and 
products. Holding areas, mutually agreeable to the 
State and the contractor, should be provided by the 
contractor. 

The State will monitor the performance of the 
contractor's quality control plan and will perform 
verification testing to ensure that proper sampling 
and testing procedures are used by the contractor. 
The State may shut down the contractors operations 
for failing to follow the approved process control 
plan. All acceptance testing will be performed by 
State personnel. 
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TABLE 1 

CONTRACTOR'S OUALITY CONTROL REOUIREMENTS 

Minimum Quality Control Reauirement 

A. PLANT AND TRUCKS 

Mixer Blades 

Scales 

a. Tared 
b. Calibrate 
c . Check Calibration 
Gauges and Meters - 
Plant and Truck 
a. Calibrate 
b. Check Calibration 
Admixture Dispenser 
a. Calibrate 
b. Check Operation and 

Calibration 

AGGREGATES 

1. Fine Aggregate 
a. Gradation 
b. Deleterious Substances 
c. Moisture 

2. Coarse Aggregates 
a. Gradation 
b. Percent Passing 

No. 200 Sieve 
c. Moisture 

PLASTIC CONCRETE 

1. Entrained Air Content 

2. Consistency 

3 . Temperature 

4 .  Yield 

Freauencv 

Prior to Start of Job 
and weekly 
Prior to Start of Job 
and weekly 
Daily 
Prior to Start of Job 
Weekly 

Yearly 
' Weekly 

Prior to Start of Job 
Daily 

21 Days 
Daily 
Daily 

21 Days 
Daily 

Daily 

One Per 1/2 Day 
Operat ion 
One Per 1/2 Day of 
Operat ion 
One Per 1/2 Day of 
Operat ion 
One Per 1/2 Day of 
Operat ion 
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FLEXIBLE PAVEMENT 

4.1 TA 5040.27, Asphalt Concrete Mix Design and Field Control, 
February 16,1988. 

4.2 Prevention of Premature Distress in Asphalt Concrete Pavements, 
Technical Paper 88-02, April 18,1988. 

4.3 Guidelines on the Use of Bag-House Fines, April 7,1988. 
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4.5 State of the Practice on the Design and Construction of Asphalt Paving 
Materials with Crumb Rubber Modifier, Report Number FHWA-SA-92- 
022, June 9,1992. 

4.6 Reserved. 

4.7 Processed Used-Oil and Heavy Fuel Oils for Use in Hot Mix Asphalt 
Production, June 21,1990. 

4.8 Aggregate Gradation for Highways - 0.45 Particle Size Distribution Cuwe, 
1962. 

Aggregate Gradation: Simplification, Standardization, and Uniform 
Application 
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AGGREGATE GRADATION : 
SIMPLIFICATION, STANDARDIZATION, 

AND UNIFORM APPLICATION 

BY THE BUREAU OF PUBLIC ROADS 

This report was prepared by a special committee appointed by .4ssistant Federal Highway Administra- 
tor and Chief Engineer Francis C. Turner and representing the Bureau o f  Public Roads Offices o f  Engineering, 
Operations, and Research. The committee included Arderg R. Rankin, chairman, Office of  the .4ssistant 
Administrator: Carl A. Carpenter and Russell H. Brink. Physical Research Division: Morley B. Christensen, 
Construction and Maintenance Division; and William B. Huffine and .Vorman I .  Cohen. Equipment and 
Met hods Division 

The Need for Simplification 

Because of the magnitude of the nationwide highway 
construction program and the enormous amount of public 
funds required to  finance it, every effort must be made to  
develop and apply ways and means of reducing construc- 
tion costs while a t  the same time assuring the production 
of only high quality work. i n  its continuing mission of 
contributing toward the accomplishment of that objective, 
the Bureau of Public Roads has made a study of the 
possibility of effecting economies through simplification, 
standardization, and uniform application of aggregate 
gradations. 

In  performing this study, analyses were made of the 
current standard specifications of the highway departments 
of the 50 States, the Commonwealth of Puerto Rico, and 

. the District of Columbia. The analyses disclosed a wide 
diversity in the requirements pertaining to aggregate 
gradations. Sbme 215 dissimilar gradations are specified 
for coarse aggregates for portland cement concrete. Of 
these gradat~ons 88 are ror Botn structures and pavement, 
91 are for structures only, and 36 are solely for pavements. 
In contrast, Part I of the Standard Specajcationr for 
Highway Maten'& of the American Amociation of State 
Highway Officials includes only 19 gradations of coarse 
aggregates for all highwsy construction (see AASHO 
Designation M 43-49), with only 7 designed for use in 
concrete pavementa or  baes, bridges, snd incidental 
structures (see AASHO m a t i o n  M S-51) .  Similarly, 
the 52 highway depu tmmt .  v i f y  a total of 58 fine 
aggregate gradation8 for btl) pavement and structural 
concrete whereas AABHO apeci5ee only 1 (see AASHO 
Designation M 6-51). 

In addition, there is coaaidemble lack of consistency 
among the States in the numbcr and sizes of sieves uaed 
t o  determine the gradations; furthermore, there is no 
uniform method in actual use by the States for designating 
aggregate gradation sizes. Only two States refer to the 

size designations used in AASHO Designation M 90-51. 
Some States have their own systems of size designations 
and other States use no designations at  all. 

Obviously, a greater degree of simplicity, standardiza- 
tion, and uniformity of usage for aggregate gradations 
would be highly desirable. For example, a commercial 
supplier who presently furnishes aggregates under nu- 
merous varying specification requirements for several 
Federal, State, county, and municipal highway organiza- 
tions for identical construction purposes, would certainly 
find it much simpler and less costly if the same few grada- 
tions with identical specification requirements were used 
by all these agencies. Similarly, construction contractors 
bidding in more than one jurisdiction could prepare their 
bids much more intelligently and probably a t  lower 
prices if the specification requirements and the materials 
designations were the same for all jurisdictions. 

For reaeons of economy and because of the growing 
scarcity of highquality aggregates in some areas, it is 
essential to make as much use as pomible of aggregates 
that are locally available. This frequently necessitates 
tailoring the specification requirements to fit the charac- 
teristics of such local sggregates to whatever extent may 
be compatible with producing highquality construction 
a t  economical prices. Nevertheless, a much greater 
degree of standardization and uniform use of aggregate 
gradation6 can undoubtedly be achieved. The problem 
has long been recognilsed and has here been approached 
with three specific objectives: 

1. To  develop a minimum number of standard aggre- 
gate gradations that can be uniformly adopted nationwide 
for general usage, while a t  the same time recognizing the 
need for some variations by special provisions to  fit 
locally available mate riala. 

2. To achieve uniformity in the number and sizes of 
sieves to  be used in specifying the aggregate gradations. 

3. To develop and Miapt a simple and uniform system 
for identification of the standard aggregate gradations. 



The Simplified Practice Recommendation 
A major step toward accomplishing these objectives 

was taken on June 30. 1948, when the Department of 
Commerce approved and issued Simplified Practice 
Recommendations R 163-48 for coarse aggregates, 
including crushed stone, gravel, and slag. A predeceseor 
recommendation had originally been approved for pro- 
mulgation in June 1936 and issued as R 163-36. I t  
was proposed by the Joint Technical Committee of the 
JIinersl Aggregates .\ssociation, composed of representa- 
tives of the Sational Sand and Gravel .Association, the 
Sational Crushed Stone .~ssociation, and the National 
Slag Association. Producers, distributors, and users of 
mineral aggregate all cooperated in developing the simpli- 
fied practice recommendation. An intermediate revision 
was approved and published in 1939 and some additional 
revisions subsequent to 1939 resulted in the publication 
of the current issue of 1948. Table 1 shows the SPR 
gradings that are currently in effect. 

As will shortly be described, the SPR system has been 
essentially adopted by both the American Association 
of State Highway Officials and the American Society 
for Testing and Materials. 

Value of the SPR syutem 

The simplified practice recommendation R 163-48 em- 
bodies a number of highly logical and useful features: 

1. Standard sicvcs.-The SPR gradings employ a simple 
and convenient. square-opening, sieve-eize series bawd 
primarily on the logarithmic principle. 

The baaic logarithmic sieve serles employed begins with 
a sieve having clear openinga of 3 inches and each smaller 
sieve hae clear openiqn the diameter of which is one-half 
that of the next larger one. Thua the basic series is 3-inch, 
I s inch ,  %-inch, *inch, No. 4, No. 8, No. 16, No. 30, No. 50, 
No. 100, and No. 200. Because some consumer interests 
consider that the logarithmic series does not provide 
enough control in the larger sizes while others desire 
greater freedom in selecting maximum sizes, the gaps have 
been reduced in the SPR series by superimposing upon 
the logarithmic series, the arbitrary sizes &inch, 3? ;-inch, 
2%-inch, %inch, I-inch, and H-inch. Also, two of the 
logarithmic sizes were left out of the SPR series-the 
Yo. 30 because it was felt that it serves no useful purpose 
in grading control of coarse commercial aggregates, and 
the So. 200 because material of this size (soil fines and 
commercial mineral filler for bituminous paving mixtures) 
is not and should not be considered an ingredient of 
commercial coarse aggregates. Both the So. 30 and the 
No. 200 sievea are required in specifying sands and fillers, 
aa in the ASTM and AASHO standards, and both fit in 
the logarithmic series. 

2. Simple ryrkm.-The SPR grading8 embody a simple 
and readily understandable system of individual size and 
grading designations consisting basically of single-digit 
numbers. 

The single-digit numbering series starts with No. 1 for 
the standard commercial aggregate having the largest 
topeire particles and progresses from No. 1 through No. 9 
aa the individual standard coarse aggregates decrease in 
sire, .a shown in table 2. 

Because of consistent demands for certain longer grad- 
inga than the rektively short ones represented by the besic 
aeries, shown in the h t  column of table 2, a secondary 
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grading series was developed by cornbininq the basic 
gradings. These combinations of the basic gradings are 
identified by corresponding combinations of the single 
digit numbers. Thus. standard aggregate So .  357. shown 
in the second column of table 2. which immediately follows 
No. 3 in the SPR table of gradings (table 1). is a combina- 
tion of standard sires Sos. 3, 5, and 7 in such proportions 
as to  conform to  the grading-band limita that were assigned 
to  it. Similarly, standard aggregate No. 56, following 
No. 5, is a combination of standard siaes Noe. 5 and 6 in 
such proportions as to conform to the grading-band limita 
assigned to  it. 

Cradings Sos. IF. 2F, GI, G2. and G3, listed in table 1, 
do not apply to highway work and are not included in the 
abridged version of table 1 that has been published in the 
.4ASHO and ASTM Standards. Item 10 (table 1) repre- 
senta screenings and may be considered more or Iesa a  
residual material from m a t e  crushing and processing. 
I t  is not generally subject t o  cloee control, aa indicated by 
the wide limita on the amount paasing the No. 100 sieve, 
and is not considered pertinent t o  this diacuasioo. 
3. Flatbilily.-The SPR gradings permit a high degree 

of flexibilitv. 
The standard, stock aggregates can be combined t o  

produce any reasonable total grading for roadbuilding 
purposes when further combined with suitable sands or 
mineral filler. 

Adoption by AASHO and ASTM 

The original SPR issuance, R 163-38, w u  adopted, 
essentially as promulgated, by the Ameriun 800iety for 
Testing and Materials in 1987 u Tmtntive Bpec ih t ion  
D 448-371'. I t  wm curkdt r 8 TenWive Bkndard, 
with revisions in 1941 and H4?, unU1 1947, when i t  was 
advanced to Standud. Z'Qp &Ludud w u  revised in 
1949 and in 1954 and nor a#pnm in ASTM publiostiona 
as Standard Specification D 448-64. 

The simplified prsctice recommendation, including i t s  
numbering system, waa adopted to awer rt.nderd uses 
of coarse aggregate for highway conrtcuaion by the 
American Aseociation of State Highway OfM& in 1942 
and was designated AASHO Speeificmtion M 43-42. 

With some exceptions the SPR gradings were also adopted 
that year for crushed stone and crushed slag, for various 
specitic purposes a s  in AASHO Designation M 75-42, 
btde course; M 76-42, bituminous concrete base course 
and ~ t h e r s ;  and also .M 80-42, coarse aggregate for port- 
land cement concrete : but in these individual applications 
the SPR numbering system was not used by AASHO 
until 1949. Since that year, all features of the SPR 
scheme have, with minor deviations.2 been generally in- 
cluded in .\ASH0 specifications for specific items well 
as in the general group specification for coarse aggregates 
for highway construction. Some slight revisions of 
.M 43-42 were made in 1949 and the designation was changed 
to 11 43-49 which is still carried. 

The present SPR system does not provide complete 
gradings for portland cement concrete or bituminous 
paving mixtures because it does not cover sands or mineral 
tillers. For both of these, however, there are .%ASH0 and 
ASTM standards. 

Aggregates for Portland Cement Concrete 

The adoption by AhSHO and ASTM of the SPR system 
for coarse aggregates for portland cement concrete has 
just been described. with regard to sand for portland 
cement concrete, the need for standardization is now met 
by A.4SHO Specification .M 6-51 and ASTM Specification 
C 33-59, which are very similar to each other, as shown in 
table 3, and both of which have proved satisfactory in 
use. Both gradings utilize the logarithmic sieve sizes and 
are therefore compatible with the SPR system. 

Aggregate8 for Biturninom Paving Mixtures 

Coure aggregate8 

AASHO haa two specifications for coarse aggregates 
for bituminous paving mixtures: one for bituminous con- 
crete base course, -M 78-51, and one for bituminous con- 
crete surface course, M 79-51. However, each of these is 
somewhat lacking in desirable flexibility in that only two 
SPR aggregate sizea are provided in each case. 

Tbas devidbm are ss bllows: 
S h  d-a No. 3 (2 in. to 1 in.): Percentage passiw the 2-111. abve: 

W-100 (SPR I-); 96-100 (AASHO M 4349); 90-100 (ASTM D 448-54). 
She No. 67 (%-in. to No. 4): Permntage persin(( the %-in. 

sieve: 90400 (SPR 1634) ;  90-100 (ASTM D 448-54); 06100 (AASEO 
M -1); ixwo ( a A s r r o  M ra-ro). 

Table 3.-AASHO and ASTM errnd grading0 for portland 
cement conaete 

100 
95-100 
BD- LOO 
'50-86 

No. 30 .--.--..-----.--------------------------- 
No.50 .-------------------------------- 
NO. 100 ----------------------------------------  

--------------  I WdO 
'lo-aol 1lO-a 

8 2-10 1 12-10 



Table 4.-Grading requirements for e w r e  ~ g r e a a k  for bituminou paring mixtures. horn ASTM Designation D 692-69~ 
I 
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.iPTl\.I has had for some years a specification for coarse 
augrt%gntes for bituminous pavirig mixtures, D 692, cover- 
ing '3 standard SPR ~izes .  In 1959 the then current 
version, I) 692-34. was amended by adding SPR aggre- 
gates Sos. 5. 6. and 68, and the specification now camcs 
the designation D 692-59T. I t  hsu much greater nexi- 
bility. therefore, than the current -4ASHU specifications. 
The current .%STM requirements are shown in table 4. 

Sands 

In the case of sands for bituminous paving mixtures. 
ASTJI has recently completed a committee study of cur- 

Table 5.-Grading requirements l for fine aggregate for 
bituminous pavements, from ASTM Designation D 
1073-59T 

Amounts dncr tbsn esch laboratory I .  sleve (square openinga). perant  
I age by wight 

Sieve size 
i 
I (trading I /- / Ondlog 
I No. 1 j No. 2 1 No. 3 

No. 30 ................................ i 
No. 50 .-.-..--.-.---.------------- - - - -  I *  
No. 100 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  I 
No. m -.---------- ---. - - - -  - - - - - -  - - -  - -  i 

Table 6.-ASTM mimad* gr8dl.g. from ASTM 
D e d p . t l u D ~ 6 7 l "  

!"Tbe mined ildlbrriull amr~tdl- bft, muant, a 
other suitsbls mineral m a w  . . .  

No. 30 ------------------ 
No. SO --,---,---------- 
No. 100 --.-.----------- 
0 'm - -  

rent practices with the partic-~pntion of rcbprcwntative9 ol 
the .\-iSHO .\-laterials ('ornnlittc~c~. the Hi~hw:iy 1tt.w;rrc-h 
Board. the .kphalt Ir~stitutth, thv Nutior~al Sing .\+socia- 
tiori, the S~rtional Sand and (;ravrhl .\ssociat~or~, tht- 
Sational Ready Mixtvl ('oucrrte Association, uuci tht. 
Satiorlal ('rushrti Stonct .\ssociatiori. The I31rrc;zu of 
Public Roads was actively represthnted iri :ill of this .\ST 51 
committee work. Follom-irl~ t.his study and with tht. 
participation of the same representatives. ASTlI has 
revised its previous specifications for fine aKgrrgate3 for 
sheet asphalt and bituminous concrete pavements. and 
riow provides for three sand types under Specification 
D 1073-39T. fine aggregates for bituminous paving mix- 
tllres, as shown iri table 3.  These gradiriys also titilize the 
lqarithmic sieve series and srr  thereforth comptttiblt* with 
the SPR system. 

UIO 
ObMO 
*Loo 
70-100 

The current ASTM specification for rriinervl filler. 
Designation D 242-5iT. was last revised in 1957 arid is 
generally representative of present thinking. I t  fails to 
restrict the types of mineral that could be approved for 
use as fillers but. in controlling the grading. it utilizes the 
loqarithmic sieve series arid is therefore compatible with 
the SPR system. The grading requirements are shown, 
in table 6. Control below the Yo. 200 sieve is under study. 

Corn bined Grading8 

Biturninour paring mixtures 

In general, current design practice for bituminous pav- 
ing mixtures differs from that for portland cement concrete. 
As  step one in bituminous mix design, i t  is almoet a 
univeml practice to set up definite grading patterns for 
bituminous paving mixtures wherein the coarse aggregate, 
the fine aggregate or sand, and the mineral filler are com- 
bined to  produce gradings that will fall within specified 
bands delineated by minimum and maximum limits for 
each sieve. In some cases the gradings have been estab- 
lished mainly through experience, but more frequently 
they have been established through laboratory and field 
research which has shown, among other things, t-ht high 
density within certain limita promotes stability. and that 
high density-out umlu p w n c e  to  w s h e r -  
i n g o t .  While the factor of density 



is not, by any means, the only design factor for the grading 
bands for bituminous paving mixtures, i t  ha8 had a 
predominating influence. 

The second design step for bituminous paving mixtures 
consists of either determining or e s t i m a t i n ~  the appropriate 
amount of bituminous binder to use. Here again practice 
has been established on the basis of experierlce, arid judg- 
ment in  some cases while well established laboratory 
procedures. based on laboratory and  field research. are 
r~sed in others. In the latter case.. the predominating 
factor d r t e r p l t  1s d a t e d  w 
densicy or gpecifically to the  void spaces available for 
binder in the c q m ~ a c t e d  aggregate and  the eHect of over- 
filling or ~~ndrrfi l l inp these voids on the stability and 
weather resistance of the  plastic vavina mixture. 

Portland cement concrete 

The  situation with regard to portland cement concrete 
design is quite different. The d e s i ~ n  controls for concrete 
in present-day practice are- fineness modulus. cement 
factor. and  water-~ement ratio with the c e m z t  factor 
and  water-cement ratio belng the primary variables used 
in designirlg for a sveclnc ,strength ramge. The  cement 

factor and  water-cement ratio may also be varied to 30111e 
extent to affect workability as  rntttwured by the slump test. 
with plasticizers being used occssiotiallv to i n i ~ r o v c  
workability and  strength. From the practical sttttldpoirlt 
of field control. no one factor so adverselv affects the 
strength and  uniformity of the concrete as  lack of co~itrol  
of water content. The  proportions are set up on the basis 
ot LaDoratory trial mixtures. utilizing the auareaatrs for .. ., 
the specific job and taking into co~~siderat ion S I I C ~  factors 
as particle shape arid surfs?(> testrlrr. :rbwrptiorl. :rr~ci 
others. Little or no use is made of total grad ill^ t):ir~d$ 
that  might be set up on the basis of density or oththr pos- 
sible design factors related to t>\-+rail yradirlu. 

The  practice of setting up the rnisturr. for  rb:irh jot) or1 
the basis of laboratory tests is followrd fur rthasolis of 
practicality even though, for many years. rcwrirvh u;ia 
conducted t o  develop the rrlatioris betww11 thv (.lt.rl.iity 
of the aggregate, as inflrlenced by the grading.  HI^ tht. 
quality of concrete.3 

a Reference is made to this research and to the wlations so ~st:rhlishr~t in 
A Tteatue 6n Concrete. P h i n  and Reinforced, b y  F .  W. Taylor and S. E. 
Thompson, 3d edition. 1916. 

Table 7.- Composition of asphalt paving mixtures (from table 111. ASTM specification for hot-mixed, hot-laid asphalt 
paving, Designation D 1663-597) 

I 
I Sominal maximum dm of wmeffatea 

-- 
Sieve 9 i z e  i 2-m. I I .  I I-in. ~ - i n .  I +in. I ~ m .  I 0 . 4  s o  a 

I i 
i Asphalt conmete 1 Sand asphalt Shwt asphalt 

GRADING OF TOTAL -4OGREGATE (COARSE PLUS FIYE, PLUS FILLER IF REQUIRED): .4.MOTZiTS FINER THAN EACH LABORA- 
TORY SIEVE ( S Q U I R E  OPENIZG),  PERCENTAOE B Y  WEIGHT 

ASPHALT CEMENT, PERCENTAOE BY WEIGHT OF TOTAL MIXTURE J 

I 3 n 7 w  I sw I +w I c o  1 45443% I %to ( 7-a I s w a  

8 U 0 0 1 8 T E D  COABSE AOOREOATES, SPR SIZES 

1 1 4-"67 5 r n d 7 r n  57 1 67Fmt: '"78 





were prc~viollsly ~la~ntad. also participated in this develop- 
nlrrlt. The . ldTlI  cornpositr yradings of table 7 are 
.,lade up from SPR coarse aggregates and the ASTM 

and filler previously described. They are thus 
fully compatible with the SPR system. They have 
existed as ASTJI Tentative Standards for only 2 years 
sud were set rip with the full realization that chey might 
rthcl,1irt' some revisloll in the light of expt.rience. 

New gradation chart developed 

11, prcb..;pr~tir~g tht. gr:iphicul material that is to follow, 
II..;~. i- rrl:tcita of :i I I P W  tzrathtion chart dtbvised by the Btlreatl 
, , f  l'!lt,lic lto;+tis. t,:~.-tlci on rvl:~tlonli vstablished by L. M-. 

ljl,ot.r of t 1 1 t h  ?;t.tht~rlaritfs. I)tl\.-~lopmmt of the chart 
j, cjt+r*rjhri i l l  &.tail irl thy companion article in this 
t)ullt~tin. 

111 thv plotting rnethod now gerwrally used. qradings 
r ! ~ ; ~ t  t13x.r provyd to be highly compactible, and hence 
tfc*sirabltl 3s conci~lcive to stability and resistance to mois- 
ture and we~thtbrirle; in bituminous paving mixtures. have 
:i downward c~trvititz shape which is generally agreed to 
approximatt. the curve shown in figure L Here, the 
i.t.rtiral scale is arithmetic and shows total percentage 
passing the various sieves, while the horizontal scale 
represents the logarithms of the sieve openings. 

The simple e x p e e -  for the horiaontal scale, 
the ~ i e v r  o p e n i n . s  or millimeters) raised to the 
0.15 - power, converts this war- a s t r a inh t  
line passing a t  its lower left extremity through zero per- 
cent for an imaginary sieve having zero-size openinm, as 
shown in figure 2. Of course, grading curves having 
either greater or l e ~ s  curvature could be similarly straight- 
rned by using different exponents. I t  is believed, however, 

thst  the curve of fiqure 1 and its corresponding ~tra ight-  
line equivalent, figure 2, represents very nearly an ideal 
grading from the standpoint of density. Both research 
and experience indicate that the maximum particle size 
of the graded aggregate does not affect the shape of the 
maximum-density curve so that the straight-line principle 
using the exponent 0.45, or other basic curves and cor- 
responding exponents, applies regardless of maximum size. 
The convenience of this device i s - r e a d i l y - a p ~ a ~ e , ~ ~ .  since 
it relieves those concerned with asphalt. technologv of t h e  
need to remember the exact sha- . . . c~lrved - 
line. 

Problem mixtures 

In recent years several State highway departments have 
reported one or more instances of difficulty with bituminous 
concretes produced under their own current specifications: 
the mixtures were hard to compact and remained '.tendern 
for some time after rolling-that is, they were slow in 
developing stability. Others have reported instances of 
splotchy pavement surfaces where moisture was present 
in the aggregate. Some of these States have supplied 
information to the Bureau of Public Roads as to the 
aggregate gradings that produced these unsatisfactory 
mixtures. 

I t  hns been noted that, in nearly all cases, these gradings 
were characterized by a rise or hump in the grading 
curve, when plotted by the new method, because of 
disproportionately large quantities of finer sand fractions. 
I t  was further noted that the unsatisfactory mixtures did 
not contain what would be considered excessive amounts 
of filler, the fraction passing the No. 200 sieve. 

In 1961 the Bureau of Public Roads conducted a 

GRADATION CHART 

SIEVE SIZES RAISED TO 0.45 POWER 

SIEVE SIZES 

Figure 3.-ASTM limitm, 1-inch nominal meximum rize, compared with rtreight-line, 
mmximum denrity gradin#. 



laboratory study of this fipecific problem and utilioed, for  
the  first time, the new method of plotting gradings to 
facilitate interpretation of the results. Some of the  results 
of tha t  s tudy are shown graphically here because they bear 
directly on the  problem of grading control ay t rested in 
this report. They are fully reported and  discussed in the  
companion article in this bulletin. 

Among other things, the study showed that  the labora- 
tory test results were consistent with the unsatisfactory 
rxperience reported by the States on the problem mixtures 
described. 

ASTM gradinga need further study 

T h r  ASTM gratlirlg band for 1-inch maximum size 
;isphrtltic concrete is shown in tiqure 3 as illustrative of 
the right sizes covered by .4STM Specification D 1663-59T 
and presented in table 7. Also shown in fiqure 3 is the  
$traight [dotted) line tha t  would represent the rnaxirnurn- 
ciewity grading if it  can be assumed for this purpose t ha t  
the maxirnum size for each grading may be arbitrarily 
vstablished by passing the straight line midway between 
the  upper and  lower band limits for the largest sieve 
having both values shown. 

Figures 4-6 show the  aggregate gradinqs for the problem 
mixtures previously mentioned and  the  relation of their 
g r a d i ~ ~ g s  t o  corresponding ASTM grading bands. These 
mixtures. which proved tender in the field or  were splotchy 
when laid. were found t o  be low in stability when dupli- 
cated and  tested in the laboratory. The  two m i ~ t u r e s  
lhown in figures 4 a n d  5 are representative of several cases 

In which the States r ~ p o r t e d  the mlxtlires t o  be tender 
during conatruction and  for considerable periods after  
rolling. The  mixture shown in figure 6 represents several 
cases where splotchy pavements have been noted. 

Since two of these typically humped gradings fall within 
the upper band limtts of the  cwrrespondinu ASTM wrad- 
ings. rbrn  in thth critical, fine sand zone, there is a JtronK 
indication tha t  the upper band limits of t he  ASTM grading 
.;p-ctficatiorrs for saphaltic concrete need some downward 
:~d j r~s tmt~u t .  :at I t~ is t  a t  thth So .  :SO and So .  5 0  .rievc\*. to 
further rwtrict  the firre sand. However. a dvfinite 
rt~commendation i r ~  thix specific matter must await fttrthrr 
.itllti)- 

Basic Purpose of SPR Syrtern 

T h r ~  line of sryurrwnt moat freque~rtly used by thost. 
opposing changes in ~radi r ry  control is that thvy are 
familiar and  satisfied with what they are lixtr1g and  tha t  
they do  not need or want new gradinus. This points up 
the n w i  for  a clearer understanding of the basic purpose 
of the SPR scheme a n d  of t he  ease with which any desired 
grading curve or band can be converted from one sieve- 
size system to  another. The  well established and  fully 
validated graphical conversion method is illustrated in 
figure 7, which hns a logarithmic horizontal scale. The 
equivalent straight line chart. exponent 0.45. is shown tn 
figure 8. 

In thefie two illustrations, an aggregate gradation band 
regularly specified by one of the  State highway depart- 

GRADATION CHART 
SIEVE SIZES RAISED TO 0.45 POWER 

SIEVE SIZES 

Figure &.-Ag#ro#eta grading for a 314-inch nominal mcucimum .tte wwixture identiled 
a8 a " t s n d d '  mix. 



GRADATION CHART 

SIEVE SIZES RAISED TO 0.45 POWER 

SIEVE S IZES 

Figure 5.-Aggregate grading for a 3/8-inch nominal maximum size mixture identified 
a8 a "tender" mix. 
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Figure 6.-mpicrl #radin# for a 212-inch maximum size mixture where a small 
amount of moisture in the agaregate har reaulted in a splotchy paoement aurface. 





nlrrlts cc,nvrrtrci frorrl r h b -  iit1v1.-size system traditionally 
,,,,d by the State to tht: S P R  .;ievc~-size system. The 

correspollding tabular cradirlw art1 shown on the charts. 
l n  the cor~r-ersion. no change is introduced in the 
ahlpe or of the band limits and it can be stated 
with that an aggregate prodrlced to conform 
%-ith rithpr, will corlfornl to the other. 

ollly cio these illustrations dt?mor~$trate tntl rase and 
C O ~ l v r ~ l i r ~ ~ ~ t ~  of ~ o ~ i v r r t i n g  other izradi~~u +y.tt'tr~s to the 
$ p~ .<~ . ; t~ : t l .  ~ ) r  iso!~l~r'o~1 l a ~ g ~ i a u t ~ .  h ~ ~ t  ~dCiitio~~:illy, they 
ci,J!llon.~~r:tt~~ that tht* corivr~rsior~ (!ot...: not ir~vol\ tA chrtnu- 
~ : I K  the. purticlr di~tri t ,~it ion c ~ f  :t ~ p c i f i c .  rit4urled. or 
dwirrd :trgreu:itt'. 

[ t  3\lorlld poi~~tc~t i  o ~ l f  i l l  rhi..; cLor~l!rc-tior) that the w e  

the R sieve writ'..: to vsprcw total ur:idatio~~s. as 
for t~s:hmple. li2-inch nlasim~lrn sizt2 to xu. 'LOO, eoes not 
assure that specific desired grading5 can always be made up 
frc,rn comtli~l:itiorls of sra~~ciard SPR r~~irnhered aatregate 
ir:tcriona with ,idTlI sand anti filler. l t l tho~gh in ~iormal 
practice s~ich sit~iatious should be comparatively rare. 

(;e~ier:tlly, thth same freedom to modify grading band 
control limits to chsploit field esperience or the tilldings of 
research is i~~hthrtwt in the standardized schenle prese11tt.d 
here 3s exists in the niultiplicity of State speciticatiorls now 
in 11se. The 11rt.d for some degree of freedom in this respect 
i.; fd ly  recognized. 

However. this philosophy cannot legitimately be used to 
justify the kind of trivial differences that account for a 
large proportion of the hundreds of anpre3ate qrsdatio~is 
appearing in State specifications. 

Recommended Course o f  Action 
The study which is the subject of this report was under- 

taken for the purpose of furthering the three objectives 
mentioned--drastic reduction of "standard" gradations, 
agreement on sieve sizes, and aqreement on a uniform sys- 
tem of identification of standard gradations. Because of 
the inherent flexibility of the SPR scheme, coupled with 
compatible sand and filler specifications now available as 
.\.\§HO and ASTJI 3tandards. it is believed that a large 
proportion of the many special gradings now appearing 
in dtate specifications could be eliminated, thereby achiev- 
inq important economies in highway construction. In 
many cases, it would only be necessary to  convert to the 

SPR jtandard sieve h e $ ,  as illustrstetl i l l  figures 7 and 9, 
and to use SPR gradinq designations. 

.\ desirable course of action and one that is stronqly 
recommended for implementation by the -1merican -45.~0- 
ciation of State Hiqhway Officials is c?ssentially a5 follows: 

I .  Elimination from individual State specifications of all 
sieve sizes that are a t  variance with those officially adopted 
by h.\SHO arid substitution therefor of conforming .+eve 
size$. This could be done easily by rltiliaing the method 
illustrated in iigurea i and 3. Thc nraw ~radir lq  tablc!s 
would providt* the same 3radations as those pr~viously 
specif ed. 

2 .  ':liminntion from ir~dividual State .ipccific:itions of 
other urndatiori requirement..: not conforminu to .-\.-\dHO 
or relatt\d A3TM standard..: to the maximum practicable 
extent. 

3. Retention for use. as special provisions or s~ipple- 
mental specitications, of such no~ico~iformi~~g gradation re- 
quirements as may be justified. 

# 

Standards Now Recommended 
The following -4.4SIIO and ASTJI s tanh-d. i  are recom- 

mended for qeneral use b?; all highway departments: 
1. .\.ASH0 >I 43-49, standard sizes of coarse aggregate 

for highway construction. 
3. .\ASH0 J I  130-51, coarse aggregate for portland 

cement concrete. 
3. AASHO M 6-51, fine aggregate for portland cement 

concrete. 
4. ASTM D 692-59T, coarse aqgregate for bituminous 

paving mixtures.' 
5.  ASTM D 1073 -59T, fine aggregate for bituminous 

paving mixtures. 
6. ASTM D 242-5iT, mineral filler for sheet asphalt 

and bituminous concrete pavements. 

In  addition to the above six standards, the following 
tentative standard is recommended for stud?;, possible 
revision, and general use: 

7. ASTM D 1663-59T, hot mixed, hot laid asphalt 
paving mixtures. 

-- - 

4 Requires one revision for adoption by A.\SHO to conform to -%ASH0 
51 43-49, namely for aggregate No. 3 the perantams passing the ?-in. sieve 
would have to be changed fhrn 90-100 (AST-MI to 93-100, as n o r  required In 
A -4 SH 0 -%f 4349. 



A NEW GRAPHICAL CHART FOR 
EVALUATING AGGREGATE GRADATION 

By the Physical Research Division 
Bureau of Public Roads 

Reported by Joseph F. Goode, Highway Research Engineer 
and Lawrence A. Lufaey, Highway Engineering Technician 

The Problem o f  Diverlre Gradations 

-4s forcefully brought home in the companion article in 
this bulletin, there is a wide diversity in the requirements 
pertaining to aggregate gradations in the current standard 
specifications of the Ytate highway depanments, and the 
multiplicity would be increased many fold if the speci- 
fications of county, city, and other government jurisdic- 
tions responsible for highway construction were taken into 
account. I t  is obviously questionable that so many 
variants are necessary, or that they all are as good aa they 
might be. 

Engineers are becoming incfeasingly aware of the im- 
portance of the proper design of bituminous paving mix- 
tures to provide pavements that will meet the demands of 
modern traffic. They generally agree that f l a t i o n  of 
thea.reaate is on6 of the factors that must be ca re f~kv  
considcred, especially for heavy duty highways. But 
they disagree as to wnat gradations are the more satis- 
factory. This  can be verified by examining the gradation 
requirements of specifications used by the various Ytate 
highway departments and other agencies. They differ 
widely. 

.Some specifications are so broad that they permit the 
use of paving mixtures ranging from tho= that result 
in open and coarse surface textured pavements to those 
that are tight and fine grained. They also permit the 
use of paving mixtures of either low or  high stability. 
Within these gradation limits the engineer often has 
considerable leeway in selecting pavement type to his 
liking, and whether the mtisfactory gradation ie 
selected will depend on hlr ju-nt or experience. 

Other specifications am mamow enough to permit little 
variation in pavement 8ype and characteristics. But 
these tighter specitlcationa ditler enoulqh among themselves 
to result in a wide mnge in types and characterisfics of 
pavement. 

-4 review of the many different gradation r~quirements 
will also show that engineers do not agree as to method for 
spec~fying gradations. They employ a t  least four different 
methods : 

1. Percentages by weight of total aggregate passing each 
of several specified sieves (total percent passing basis). 

2. Percentages by weight of total aggregate retamed on 
each of several specified sieves (total percent retained 
basis). 

3. Percentages by weight of total aggregate between 
consecutive sizes of specified sieves (passing and retained, 
total aggregate basis). 

4. Percentages of aggregate, by weight of bituminous 
mixture, between consecutive sizes of specified ~ieves  
(passing and retained, mix basis). 

To complicate matters further, different combinations 
of sieve sizes are specifitad to control spwific grading ranges 
and a few agencies even specify round opening screens for 
coarse aggregate gradiny control. 

Such nonuniformity in methods of expressing aradations 
ndds to the difficulty of studying and evaluating aggregate 
gradations in terms of construction characteristics and 
pavement performance. In some instances it also tends 
to add unnecessarily to the construction costs. Stand- 
ardization of sieve sites and aggregate gradations and the 
conscientious use of such standards would almost certainly 
result in fewer, more uniform. and probably better speciti- 
cations, and in more economical construction. 

Deoelopment o f  a New Gradation Chart 

The primary purpose of this article is to present and 
illustrate the use of a new aggregate gradation chart that 
will be especially valuable in developing more realistic 
specifications and in evaluating individual gradations. 

Those accustomed to expressing gradations as percent- 
ages passing the various sieves are thoroughly familiar 
with the common gradation chart in which percentages 
passing a* shown arithmetically on the vertical scale 
and the logarithmic scde is used for the horizontal spacing 



of sieve sizes iwe fig. 7 in the preceding article. p. 10). 
This chart, which will be referred to hereafter 3s the 
logarithmic gradation chart, has had wide use for some 30 
years and has proven valuable in illustrating individual 
gradations and determining their position relative to speci- 
fication limits. This type of chart, however, hss one 
~ignificnnt disadvantage in that it shows a maximum 
density gradation as a deeply sagging curve, the shape of 
which is hard to define. 

To provide :t better means of relating actual aggregate 
qradation to rnasirnum density gradation, a 11ew chtirt hss 
been devised by the Burmu of Public Roads. The hori- 
zontal ;c:+ for the <r\-era1 ~itlve ~ izes  of this chart is a 
power functiori r:ithtlr than the logarithm of the $ieve 
openine in microns. The vertical scale is arithmetical, 
the wrne as for the logarithmic chart. An important 
feature of the new chart is that it provides for a zero 
theoretical sieve size. Thus. for practical purposes, all 
straight lines plotted from the lower left corner of the 
chart. s t  zero percent passing zero theoretical sieve size, 
upward and toward the right to any specific maximum 
size, represent maximum density gradations. The cx- 
ponent of the power function is 0.45, i.e., the horizontal 
scale represents the various sieve openings in microns 
raised to the 0.45 power. 

Background of development 

The selection of the 0.45 exponent was based on research 
performed by L. W. Sijboer of the Netherlands and first 
published in 1 !N8.1 Sijboer used a double logarithmic 
gradation chart in a study of the influence of aggregate 
gradation on mineral voids. .ill gradations used in his 
study were represented by straight lines, with various 
slopes, when plotted on his chart; the variation in slope 
resulting from his use of several different gadations of the 
same maximum (!,-inch) size. Ziijboer made two series 
of tests on compacted bituminous mi-xtures, using rounded 
gravel for the coarse aggregate in one series of tests and 
an angular crushed stone in the other. Mineral voids 
wore determined for all of the mixtures and were plotted 

2 Plor(icity ar a Factor in tAe Deaign of D e w  Biturninow Rod Carp&, by 
L. W. Sijboer, E!sevier Publishing Co.. 1948. 

SIEVE SIZE 
Na200 NO. I6 'M' 3/4lN. 

0 I 2 3 4 5 
LOGARITHM OF SIEVE WENIN6 # MICROUS 

Figure 1.-Maximum deruity grmdation plotted on a 
double log chart. 
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against the slopes of the straight line aradvtion crlrves. 
For both types of coarse aggregate, the min~rnum minrrnl 
voids, or maximum aggregate density, occurred for a 
gradation having 3 slope of 0.45 on the double log chart. 

Figure 1 shows t h ~  maximum denslty qtadation for a 
3i-lnch maximum sue aggregate plotted on a double log 
chart. The figure also illustrates a maxlmum density 
curve for a uradat~on wlth a msvimrim m e  designated as 
.\I microns for the following d l s c u ~ w n  In nhlch lt 1s 
assumed that all maumum dens~ty  cilr\r- hLtie A -lope of 
0.45 on the double 10% chart rc>gardless of !n:isitnum size. 

In developing the equation for :i m:~sinwrn dttrisity 
curve let: 

-11 = ~riasinlurn iize of sgpegste  in microns. 

S = ~ i z e  of opening for :t partic~llar 4 t . v~ .  

P=perceritage passing the par t ic~ihr  z i t> \ - t> .  

log B=intercept on vertical axis of tht~ ch:lrt 

The general equation of the curve is: 
log P=lou R - 0 . 45  IOU .$ - - - - -  - - - - - - - i  1 l 

Other equations are: 

log 100-log B=0.43 (log .\I-log 1); or 

2'- log B=0.45 (log .W : or 

log B=2-0.45 log J1- - - - - _ - - - - - - - - - - -  :2 ' )  

Substituting equation (21 in equation (1) H-e have: 

log P=2-0.45 log .\I-0.45 log S: or 

The exponent in equation (3)  is the one used in design- 
ing the new gradation chart. By the use of logarithms, 
the sizes of sieve openings in microns were raised to the 
0.45 power. These values were then employed with a 
suitable arithmetical scale for establishing the horizontal 
position of each sieve. The procedure is illustrated for a 
few of the sieve sizes on figure 2. 

Figure 2 also illustrates how maximum density grada- 
tion is indicated for n gradation having a maximum size of 
&f microns: simply by plotting a straight line from the 
origin, a t  the lower left corner of the chart, to the selected 
maximum size a t  the top of the chart. -4s can be seen 
from the information on the left side of the chart. the 
equation for such a line is that shown above as equation 
(3). Thus, any gradation that will plot as a straight line 
through the origin of the new chart will also plot as a 
straight line on the double log chart of Sijboer and will 
have a slope of 0.45. 

The new gradation chart described in this article. and 
hereafter referred to as the Public Roads gradation chart, 
is not, strictly speaking, an  entirely new type. The 
Sational Crushed Stone .Association, in its Crushed Stone 
Journal, has been using a square-root gradation chart for 
several years to  illustrate gradations. The only difference 
between the .hsociation's chart and the new one presented 
here ie that  the former is based on an exponent of 0.50 for 
the power function instead of 0.45. The research of 
Sijboer and data to be presented later in this article show 
that 0.45 is a more realistic value for indicating maximum 
density. 
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Figure 2.-Illustration of computations and method of positioning siece rizes rn setting up 
the Public Road8 gradation chart. 
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Figure 4-Grdbtioru of problem mixture (project A) compared with maximum 

Using C k t  in Study of Tender Mixes 

Soon after the Public Roads gradation chart was de- 
veloped it was used to study gradations of aggregate from 

gradation. 

several bituminous mixtures that had been reported as 
having u~rsetidactory compaction characteristics. During 
the past 4 or 5 years, engineers have reported several 
instames of hot asphaltic concrete mixtures that con- 



formed to their specifications but could not be compacted 
in the normal manner because they were slow in d e v e l x b g  
sufficient stability to wltnstand the weight o_f_ ro-g 
equipment. Such mixtures are usually called "pnde_r" 
mixes. 

Those having esperience with such mixtures have 
tended to place most of the blame on the particular asphalt 
rised. Occ3sionally it was recognized that  such factors 
3.i hiyh temperatures of the mixture. the air. and the 
rlrlderlying structure, exc~ssively hesvv rolling equipment. 
or rhc presence of moisture in thi. mixture mirr;ht con- 
tribute to  the unsatisfactory condition. The possibility 
u-as vc3ry seldom considered that  aggregate gradation could 
be an rquslly important factor snd  that  the grading 
reqtiirements used could be contributing to  this problem. 

To illustrate the type of aKgregate gradation that  seems 
t o  be rather consistently associated with tender mixtures. 
some specific examples from three different parts of the 
country we  discussed in the paragraphs tha t  fo Uow. 

( )n a 1'3% construction project, identified a s  project A, 
the enuineers were careful to  select cold feed materials and 
proportions for the wearing course mixture that  would 
provide a median gradation within the specification limits. 
Despite these precautions, the resulting mixture had the 
characteristics of a tender mix. I t  was described a s  a 

critical mi-rture which did not compact satisfactorily a t  
any asphalt content within the specification limits. At 
asphalt contents only slightly below the one that, was 
most nearly satisfactory, the mixture w m  friable and 
developed cracks behind the finishing machine. At only 
slightly higher asphalt contents the mixture was too 
unstable to compact. 

Although the engineers suspected the asphalt was a t  
fault thev decided to  t ry  a modified gradation, which 
resulted in a less critical mixture with greatly improved 
compaction characteristics. The initial and  final grada- 
tioris and the corresponding maximum density gradation 
are shown plotted on the Public Roads gradation chart in 
tigun: 3. Attention is called to  the hump in the curve 
above the maximum density line a t  the Sos.  50, 40, and 
30 sieve sizes for the initial gradation used in the un- 
satisfactory mixture and t o  the absence of 3 hump a t  thew 
sieve sizes for the final gradation which produced the more 
satisfactory mixture. 

Figure 4 shows gradations used on three other projects, 
each having a hump above the maximum density line a t  
about the No. 30 sieve when plotted on the Public Roads 
chart. Two of these, for projects B and D, built in 1!)58 
in a different State than project A, are gradations of 
mixtures containing gravel and sand tha t  were described 

GRADATION CHART 
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Fiaure 4.-Gradation8 of problem mixturer (project8 B, C, and D) 
compared with maximum denri t~  gradationr. 
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Figure 5.-Gradatioru 308.  1-6 plotted on double log chart  
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the rublic Road. #rodation chart. 



as tender mixes. The third gradation, for project C, is 
typical of those used in a State which hae had considerable 
difficulty with moisture problerm in laying bituminous 
pavements containing certain c o a m  aggregates. A very 
small amount of moisture in such mixtures often results 
in s splotchy pavement surface. 

There have been exceptions, but nearly all gradation 
curvps of problem mixtures studied by the research labora- 
tories of rhp Bureau of Public Roads have been characterized 
by a h u m p  above the maximum density line a t  or near the 
So. 30 sipve. Such mixtures have an excess of fine sand in 
rr.lotion to total sand. This excess not only results in 
lower conlpactrd densities but tends to float the larger 
plrnlcles and destroy stability that might otherwise result 
from coarse aygregate interlock. In addition, fine sand is 
inherently less stable than coarse sand. 

Thu- lm~rongrradation is identified -as  ty 
important contributing factor to  the unsatisfac_tory 
behavior of some bituminous mixtures. Other factqrs, 
such as asphalt characteristics, hi<h--te_mperattuEL and 
moisture vapor cannot be ruled out.; 'but--unsat.&factory 
grading, particularly oversanding in th?. fine sizes,. must 
not be overlooked as a possible source of trouble. 

Laboratory Evaluation of  Gradation Chart 

To evaluate further the usefulnese of the new Public 
Roads gradation chart. a laboratory study was undertaken 
with two main objectives: To substantiate Sijboer's 
findings, and to  determine mow precisely the effect of 
'.hump" gradations on mineral voids and stability of 
compacted asphaltic concrete. The study employed the 
gyratory method of molding and the lliirrshall stability 
test. 

The investigation was limited to 24 different gradations 
of gravel, sand, and limestone dust aggregate having a 
maximum size of 0.525 inch. These gradations are shown 
in table I of the appendix (p. 24), together with values for 
effective specific gravity values which were used in 
computing voids. 

Verification of 0.45 exponent 

In order to verify Nijboer's findings, the first six grada- 
tions were made up so that - they would plot as straight 
lines with varying slopes K on the double log chart, as 

When plotted on the Sew Public Roads shown in figure 5. 

7 
ASPHALT - 5.5% 
AIR VOlOS - VARIABLE 
FIRST SERIES OF 1 ESTS 

ASPHALT - VARIABLE 
AIR VOlOS - 4.0% 

7 
A 1 A S P H A L T  - 5.5% ' 

/&.K AIR VOIOS ; VARIABLE 
FIRST SERIES OF 1 ESTS 

+cC 

AIR VOlOS - 4.0% 

I A0 .so .I 

SLOPE 'K: SEE F16.5 

Plgure 7.-Minenl mid. and Merrhall atabilities of  gradation8 
No*. 1-4. 



gradation char?, fiuure 6 .  tive of these grading3 plotted ss 
curves bcsuse  of the variations in the exponent K. Only 
gradation So.  3, which had a slope (or exponent R) of 0.45 
in figure 5. plotted as a straiqht line in figure 6. Figure 
6 also contains, for ready reference, data on mineral voids 
and >farshall stability extracted from table 4 of the 
appendix. I t  will be noted that the aqgregates were com- 
bined with asphalt in two wries of mixtures, one with 
constant asphalt content of 3.5 percent and the other with 
variable asphalt content to produce constant air voids of 
4.0 percent. 

Figr~re 7 S ~ O W S  the Sf~rrshall stability and mineral void 
values in graphical form. In thr upper part of this figure, 
Jfarshall stability (see tabulation. fig. 61 is plotted against 
K or slope from the double log chart (see Eq. 5). The 
solid-line curve represents test results for a constant 
percentage of asphalt, the first series of tests; the dashed 
line represents results for a constant percentage of air voids, 
the second series of tests. Corresponding curves for 
mlneral voids are shown in the lower part of the figure. 

It will be noted in figure 7 that minimum aggregate 
voids, or maximum aggregate densities, occur at  the point 
where K equals 0.433. This is slightly lower than Nij- 
boer's value of 0.45 on which the new Public R o d s  grada- 
tion chart is based, but the slight difference is not con- 
sidered significant. Figure 7 also shows that the value of 
K had a pronounced effect on Marshall stability for both 
series of tests. For the coarsest grained aggregate (grading 
So .  6, for which K=0.66), stability was less than 800 
pounds. For the finest grained aggregate of the study 
(grading So .  1, for which K=0.31), stability was between 
1,600 and 1,750 pounds for the two series. The maximum 
values for the two series were between 1,800 and 1,950 
wunds. 

Study of "hamp" gradations 

Figures 8-10 use the Public Roads gradation chart to 
illustrate gradations that plotted with a hump a t  the So .  
30 sieve size and to compare them with a maximum density 
curve (gradations Xos. 7-11 and 13-21, shown in table 1 
of the appendix). Each of these figures also includes a 
tabulation (extracted from table 4 of the appendix) show- 
ing mineral voids and stability for mixt~rres with constant 
asphalt content and with a constant volume of air voids. 

Figure 8 shows the gradation curves and test results for 
gradations Nos. 7-1 1, each of which had 46.0 percent pass- 
ing the Xo. 8 sieve, the same as that for the maximum 
density curve. These gradations are considered optimum 
in the amount of total sand. 

As will be seen in figure 8, the curve for gradation So.  11 
plotted as a straight line from the SO. S sieve to the SO. 
'200 sieve and this portion of the curve is below the maxi- 
mum density line. The curve for gradation So .  10 is on 
the maximum density line from maximum size to the S o .  
30 sieve but then drops below the maximum density line 
to the No. 200 sieve; it therefore has a slight hump a t  the 
So. 30 sieve but the fact that this hump is not above the 
maximum density line is considered significant since grada- 
tion 30. 10 had the lowest mineral voids of this group of 
gradations for both series of tests, and also had the highest 
stability for the series in which asphalt content was main- 
tained constant. Its stability was only 30 pounds lower 
than the highest value in the second test series, where air 
voids were maintained constant. 

The humps a t  the No. 30 sieve size for gradations Xos. 9, 
8, and 7 are progressively larger than that for gradation 
No. 10 and are all above the maximum density line. -48 
the 'humpa become more pronounced the gradations show 
increasing void contents and decreasing stabilities. 
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Pilure 8.-Hump aradationr of gram1 mixture., medium in total rand. 
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Figure 9.-Hump gradations of gravel mixturea, high in total sand. 

Figure 9 shows the gradation curves and test results for 
gradations Nos. 13-17, all of which had 53.3 percent pass- 
ing the Xo. 8 sieve and are considered high in total sand 
when compared to the gradations shown in figure 8. 

The curve for gradation Yo. 17 does not have a hump 
at the No. 30 sieve size: it is a straight line from the No. 8 
to the No. 200 sieve and intersects the maximum density 
curve a t  the No. 30 sieve. This gradation showed the 
lowest value of mineral voids for the group. The curve 
for gradation So.  16 has a slight hump above the maximum 
density curve a t  the No. 30 sieve size, and gradation 
curves Sos. 15, 11, and 13 have increasingly larger humps. 
.Illowing for experimental error, it will be noted that, in 
general, increasing magnitude of the hump corresponded 
with increasing mineral voids and decreasing stability for 
t,he series of tests where the asphalt was maintained con- 
stant. Where the air voids were maintained constant, 
in the two instances shown, there was a slight increaae in 
mineral voids but no significant change in stability. 

Figure 10 shows the curves for grsdrtiona Nos. 18-21, 
which had 38.9 percent psseing the No. 8 sieve rrnd am con- 
sidered low in total mnd when c o m ~  to the gr.dstionr 
shown in figure 8. 

The entire curve f a r w t h  No. 21 pbttcd below the 
maximum density line md' br a ver~, ought hump a t  the 
So. 30 sieve size. Tbcurve for gradation No. 20 has a 
slight hump and touch$ tbs maximum density b e  a t  the 
Xo. 30 sieve siae; qt- it u completely below the 
maximum density line. Thin in considered signi6cant since 
gradation No. 20 had the bweot mineral voids and the 
highest stability of this groupof gradetiom in both series 
of tests. 

Gradation Xo. 19 had a considerable hump a t  the No. 30 
sieve size, above the maximum density cwve. This &a- 

20 

tion had greater mineral voids and less stability than those 
of gradation No. 20. Gradation No. 18 had the largest 
hump of the group and it also had the highest percentage 
of mineral voids and the lowest stabilities. 

Conclusionr on hump gradations 

The above discussions, based on figures 8-10, of humps 
in gradation curves at the Yo. 30 sieve size, may be sum- 
marized as follows: 

1. A hump above the maximum density line in all cases 
was associated with a lower aggregate density (higher 
mineral voids) than a hump that just touches the maximum 
density line. 

2. In nearly all cases the hump also was associated with 
a lower Marshall stability value. The reduction in sta- 
bility was more pronounced for the series of tests in which 
the aephalt content was maintained constant than for the 
eeries in which the aaphalt content waa varied to pmvide 
a constant volume of air voids. 

3. The greater the magnitude of the hump above the 
maximum density line, the lower was the aggregate density 
(in all csses) and the stability (in nearly aIl cases). 

Thus, b d  on resulta of laboratory testa of gravel mix- 
tures, the preerenae of s hump in the aggregate gradation 
curve a t  about the No. 30 sieve and above the maximum 
density line ie indicativs of an undesirable gradation. 
The extent to which ditlerepcea in laboratory density and 
stability can be reiated to W compaction and perform- 
ance characteristics is n d  now known. However, the 
results of them labomtory testa and dudies of known field 
examples diacuseed esrlier do show that "hump" grada- 
tions may be a contributing factor toward the u n s a t b  
factory behavior of mixtures. Further veri6cation of their 
effect should be determined by controlled field studies. 



Figure 20.-Hump gradation8 oi grace1 mixtures, low in total sand. 

Cse of chart in  improving gradations 

One of the sdvant,apous uses of the Public Roads 
gradation chart is in revisinn gradations to obtain greater 
or lesser mineral voids. Often it is desirable to decrease 
the mineral voids to provide a more stable mixture. At 
<)ther times ~t is desirable to incwase the mmersl voids 
to allow room for more a ~ p h a l t  in the mixture and thereby 
improve ~ t s  durability; for example, McLeod prefers 
to maintain a minimum of 15-percent mineral voids In 
the compacted mixtuw. 

Bawd on this 15percent voids criterion the maximum 
dprisity gradation used in these tests, So.  3, would not 
be satisfactory since it had mineral voids of 14.4 and 14.8 
percent, respectively, for the first and second seriea of 
tests. Gradation Yo. 10, which is slrnilar to  gradation 
So.  3 except for a lower dust content, would be satis- 
factory because its respective mineral voids were 16.8 
arid 16.3 percent, appmc~ably greater than the lbpercent 
criterion. Thus, one effective way of modifying a groda- 
tiori to provide greater or lesser mineral voida is to change 
its dust content. However, this may not be practical or 
it may be more economical to modify the gradation a t  
other sieve sizes. 

If the modification ia to be made by varyin8 the grada- 
tion of the sand portion, &tares 8-10 su(Egest that it 
might be done by increasing or doembaing the pereentsge 
passing the No. 30 sieve tarL* entire aggregate while 
maintaining constant the psrrsrtagem passing the No. 8 
and So .  2 2  sieves. In  ilgum 10, for example, if gradation 
S o .  19 should prove too denme i t  could be modified to a 

less dense gradation by incmasmq the percentage of 
aggregnte pwsinq the No. 30 sieve and thereby moving 
the gradation curve away from the maximum density 
line; or it could be made denser by reducing the percentage 
pawing the Yo. 30 sieve to bring the curve closer to the 
maximum density line. 

If, however, the modification is to be made by adjusting 
the percentaqe of sand or by varying the gradation of the 
coarse aggregate, another factor must be taken into 
account. An allowance must be made for the fact that 
skip gradations can promote higher density. 

Skip gradations 

Figure 11 shows curves and data  for three skip grada- 
tions, Nos. 22-24. The slope of thew curves between 
the No. 4 and No. 8 sieve sizes is appreciably less than 
the slopes of the remaining portions. They might be 
referred to as gradations that  plot with a hump a t  the 
No. 8 sieve size. Figure 11 also shows curves and data 
for the maximum density gradation, No. 3, and for grada- 
tion No. 12 which plots as a straight line from the maxi- 
mum sise to the same percentage paseing the No. 200 
sieve as that of the other curves. 

Comparing the ourvea in figure I 1  with respect to  their 
positions relative to the maximum density line is compli- 
cated by the fact that some of them croes it. For exam- 
ple, gradation No. 12 plotted clowr to the maximum den- 
sity line than gradation No- 22 a t  the No. 4 and larger 
sieve sizes, but further from the line a t  the No. 16 and 
smaller sieve a k a .  On the average, however, gradation 
No. 12 plotted cloeer to the maximum density line than 
gradation No. 22, and it showed the higher density (lower 
mineral voids). 

Similarly, skip gradation No. 12 plotted closer to the 
msldmum density line than skip gradation No. 23 a t  the 
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Figure 11.-Skip gradation8 compared with gradatioru Nor. 3 and I t .  

No. 4 and larger sieve siaes, further from the line a t  the There is no doubt that gradation No. 34 plotted the 
No. 8 sieve sise, and again c h e r  to the line a t  the No. 30 furthest from the maximum density line and it showed 
and smaller sieves. Which grsdation plotted closer to the highest density of the three skip gradations. Its den- 
the maximum density line on the average is questionable, sity, however, was not as great as that of gradation No. 3, 
but gradation No. 23 had the higher density. the one that ia used to represent maximum density on 

GRADATlOlY CHART 
SIEVE SIZES RAISED TO 0.45 POWER 

SIEVE SIZES 

N#un 12.-Gndrtioru marling in percentage pauing No. 8 riew, with medium 
percentage -in# No. 30 rieos. 



the gradation chart. But this does not preclude the pos- 
sibility that there may be other skip gradations of the 
*me maximum sire that will exceed the density of grs- 
.ation No. 3. 

Figures 12 and 13 compare data for gradations that 
vary in the percentage paesing the No. 8 sieve. These 
were selected from previous Bgures used to illustrate 
"hump" gradations. They provide the same indications 
as figure 11. For example, in figure 12, gradation So.  20 
plotted further from the maximum density line than gra- 
dation So. 10 but had the hiqher density. The same rela- 
tionship held for gradations Sos. 18 and 8 in figure 13. 
Incidentally. gradation No. 20 in fivre 12 and padations 
Sos. 8 and 18 in figure 13 can be classified as skip grada- 
tions as well as "hump" gradations because they plot 
with slopes flatter between the No. 8 and the No. 30 sieve 
size than elsewhere. 

In reference to the higher density skip gradations in 
figures 11-13, it is considered important to note that in 
all cases the right-hand portion of the gradation curve 
was below the maximum density line. Thb fact must be 
taken into account when using the maximum density line 
as a reference for adjusting skip gradations to provide a 
lower or a higher density. 

The lsboratory study covered by this article was limited 
to data representing 24 dif?erent gradation8 of aggregate 
of a single maximum sire. Only one asphalt and one type 
of aggregate were used in the mixtures. Baaed on these 

limited aonditwns, the foUowiq conclusions am war- 
ranted : 

1. The new fiblie Rods gradation chart provides a 
much mom convenient mean6 of rrtudying rbgngste grada- 
tions than the logrithmic chart now aommonly uaed. 
The greater convenience reaulb from the fact that man- 
mum density +tion8 can be replesented oa the chert 
by a etraight line from a theomticrl rem p e m n t  p m i n g  
zero sieve size to 100 percent paaeing the effective maxi- 
mum sise. 

2. This maximum density line constitute8 a new deuign 
tool, in that it serves as an easily remembered line in com- 
paring different gradations or in adjustin8 gradations to 
provide desired voids and stability characteristics. 

3. For gradations of f h  
plot ss smooth curves entirely above or  BeQPlr the =xi- 
r n m  
represent grsdationa vleld\ne t.hP hPlPd V@ . 111 . 
aornprcted mixture. 

4. For grad.tiona of the same type of aggregate which 
piot aa identical curves except for the between the 
No. 8 and the No. 200 aievea, those that ahow appreciable 
humps above tbe muximum density Line a t  about the No. 
30 sieve wiU haw higher mineral voids and lower Marshall 
stabilities than those plotting with lemer humps. Analyam 
of several problem mixtures from 6ehf pmjecta has dearly 
confirmed this finding and poinb up  the detrimental effect 
of grdat ion humpa in the Bner qipgate sires. 

5. For skip gmiations, Low mineral voitia a m  sasociated 
with curvles that stay appreckbllp below the maximum 
density line in tbe righebrnd or  oouse aggregate mne of 
the chart. 

GRAOATIOM CHART 
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APPENDIX: PROCEDURE AND DETAILS OF PROJECT 

Proceseing .001eI8te 

Table 1 shows the aggregate gradations used in the 
study and includes values of effective specific gravity 
which were used in computing voids. The effective 
specific gravities are rational values determined directly 
on several of the ml-xtures by the Rice vacuum saturation 
procedure.4 

The aagrep;ate larger than the No. 4 sieve and a portion 
of that  paaslnp; the So. 1 sleve and retained on the SO. 8 
sieve was an uncrushed nver gravel. The remamder of 
the aggregate conalsted of ;and from the same source 
and a commercial limestone m~neral filler. The amount 
of m~neral filler used vaned w t h  the grsdation. In all 
cases 60 percent of the total a g p g a t e  pasemp! the KO. %00 
sieve consisted of limestone dust. 

Table 2 gives the appawnt. and bulk specific gravities 
of the three stock aggregates. Rational values of apparent 
and bulk specific grav~ty of the combined aggregate 
representing different gradations were not determined. 

In preparing the aggregate to be combined to meet the 
several gradat~ons, the gravel and the srrnd larger than 
the KO. 8 sieve were accurately separated into 0.525inch 
to ?&inch, "-~nch to No. 4, and No. 4 to No. 8 sieve size 
fractions. Since it is very difficult to obtain clean separa- 
tions for fine size aggregate in large quantities, no attempt 
was made to separate the sand into exact sieve size frac- 
tions. Instend, ~t was separated Into approximate sizes 
by a relatively rapid sieving process, and the gradations 

4 AUarrmum Speerfic (Irwaty of Bitmunow M i r u  bv Vuuum ~~ 
Procedure. by J M RIQ, m Slmpatum ow Spcolfc O m  d Bihrrricurw 
COOW A g p t q s t u ,  Specla1 Techa~arl Publiation No. 191, American SocMy 
for Teatmg Mate&. June 1986, pp. 4341. 

of the several fractions were then accurately determine( 
and used in computing the correct proportions to provide 
the desired combined gradations. 

Preparing mixtures and test epecimens 

An 85-100 penetration grade asphalt was used in all 
mixtures. Table 3 gives its test properties. 

The mixtures were prepared in a laboratory mixer from 
aggregate heated to 325' F. and asphalt heated to 300' F. 
Each batch was just sufficient for one test specimen, 
which, immediately after being mixed, was compacted in a 
gyratory mold heated to 3 0 0 O  F. Figure 14 ip. 26) shows 
the gyratory compactor used in molding the specimens. 

The test specimens, 4 inches in diameter and 2!$ inches 
in height, were molded by applying 30 gyrations a t  a 1- 
degree angle and under a foot pressure of 100 p.s.i. Pre- 
vious work by McRae and McDaniel indicated that this 
procedure produced densities corresponding to those of 
the 50-blow, hand-compacted Marshall specimen. 

Tests performed 

The specimens were tested for bulk specific gravity, 
Marshall stability, and Marshall flow value. Bulk specific 
gravity was determined by the procedure described in 
Section 4(a) of AASHO Method T-165. Air and mineral 
voids, based on effective specific gravity of the aggregate, 
were computed from the bulk specific gravities. 

I R ~ ~ T C I I  Rcpal aa the Ckpr uf Enginem' Kndiw Comp.dw /w Bib-  
rnirolu Miduru, by 1. L. McRaa and A. R. McDsniel. Prwsedim oft& 
Asod.tion of Asphalt P a m  Techno-, vol. 27. 1958, pp. 357-382. 

Table 1.-Gradation .ad elleetire r)edk par i ty  d Y P c S a h  blendr 

Ettectlve 
qwcibc 

gravity ' 

2.651 
2.650 
2. f349 
2.w 
2.646 
2.643 

2. a35 
2.661 
2.w 
2.656 
2.663 

2. a 1  
2 670 
2667 
2. am 
2. d8 
2.657 
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2.656 
2.855 
2.851) 

2.657 
26s 
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QI 
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0 

61 
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dll 
I 
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s 
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I 
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m 
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- - 

No. 8 1 No. 18 / NO. D 1 NO. JD I NO. la) I NO. 100 

I -......-.-...------------------------- la) 
2 .-.--..-------.----------------------- UI) 
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Table 2.-Phrdcrrl )ropwtk d a#g?w.L.m ' 
I 1 

Onlhvl uphlt: 

E h  P~lnt. P0.c - O F . .  

8 l d c p r v l  T r F ?  -------..---------- * .~~~~~~~~~~~~~~~~~ I 
...................................... 

Sotten- polnt. ................................. -'II. ......................................... 
Peneuarlon. 7. C, LOO g.. S sse 

........................................... Ductility, Z0 F cm-- 
.............................................. Bitumen perant-.. 

A f t q  oven lorr tlwt ( A A J H O  T 47): i 
I ~ c  p v i t ~  I 2 ~ i  z m i  271 ............ .... $ z i r m v i t P  :::::i !a .a i 2 s ............ Water sbaorpttan. pavant.. .. . 6  1 . 4 '  

Log .................................................. perant. . /  0.w 
Peneuatton.. ................................................. -, rn 
Rersrned psnetration ................................. pcroant..! m 

hftq thm-nlm oven rest c AAYHO T 13): 
Two series of tests were conducted, the results of which 

are summarized in table 1. The first series wea performed 
on aLI 24 gradations ahoan in table 1. All 24 mixtures 
contained 5.5 percent of asphalt by weight of the aggre- 
gate. A total of 72 test specimens, 3 for each of the 24 
gradations, wss made. The work wee done in three 
rounds, one round of 24 specimens beinq prepared on each 
of three different days. The test results for each group 
of three corresponding specimens from the three rounds 
were averaged. 

The second series of tests wss performed on 14 of the 24 
gradations. Asphalt contenta were computed from the 
results of the Brat series of tests to produce sir voids in 

.................................................. Lor p a r - !  0.p 
Softening pomt ................................... ---------*F-- 1J1 

.................................................... Penetration 51 
Reurned penttrstton.. ............................... gcrant.. , 58 - -- 
DUCtllitY.. .--...--.----...---............................ em.. I O ~  

pain of compacted 3pecimens slightly greater and sliuhtly 
lesa than 1 percent so that test results for thrs second test 
aeries could be interpolated for exactly +percent air voids. 
A totd of & specimens, 3 psim for each of the 14 grada- 
tions, war d e .  The work WM done in 3 rounds, 1 
round of 28 specimens for the 14 gradations bemg prepared 
on each of 3 dif?erent days. The test results for each 
group of corresponding specimens were averaged. 

TaMe 4.-Phydcd propertier of gyratory compecttd pave1 mlxtuea 

andujal No. 

A v r l  
1. gD 
1.90 
L e a  
1. aa 
1.000 m 
m 
(I) 
(10 

LlOO 
1.00 

1. @m 
em 
no 
00 
lm 
a0 

911) 
I. m 
1. rn 
1.m 

90 
1.010 
1. m 

13,. ............................ 
14 .............................. 
15. ............................. 
16 .............................. 
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Memorandum 

INFORMATION: Distribution of Proceedings 
Western States Drainable PCC Pavement 
Workshop 

Date 

AUG 1 c 

Director, Office of Engineering Rmty Attn 01 10 H N G - ~ ~  
For: Director, Off ice of Techno1 ogy 

Appl i cations 

Regional Administrators 
Federal Lands.Highway Program Administrator 
ATTENTION: Technology Transfer Coordinators 

The Federal Highway Administration, in cooperation with the California 
Department of Transportation along with the Southwest Concrete Pavement 
Association, sponsored the subject conference in Sacramento, Cal ifornia, 
during July 21-22, 1993. This memorandum transmits copies of the proceedings 
(Publication No. FHWA-SA-94-045) and provides you with an update on our 
pavement drainage efforts. 

Presentations describing the design and construction procedures used in the 
construction of permeable bases were made by the various western State hig ay 
agencies (Arizona, Cal iforni a, Nevada, Oregon, Washington, and Wyoming). R e  
proceedings were compiled by Mr. James H. Woodstrom of the Southwest Concrete . 

Pavement Association. 

Currently, we have completed presentations of Demonstration Project No. 87 
(DP 87), "Drainable Pavement Systems" in 42 States, Puerto Rico, and the 
District of Columbia. This demonstration project primarily covered drainage 
of Port1 and Cement Concrete (PCC) pavements. Unfortunately, one of the 
reoccurring comments during the presentation was that it did not cover drainage 
of flexible pavements or retrofit longitudinal edgedrains. 

On June 6-8, a Technical Working Group' (TWG) on Flexible Pavement Drainage 
Design was convened to develop input for the design and construction of 
permeable bases for flexible pavements. Discussions and input from the TWG 
are being reviewed by the Pavement Division and a design consensus will be 
formulated. This guidance will be provided to the field. 

The National Highway Institute will also incorporate this new guidance on 
flexible pavement drainage design in its new NHI Course No. 13126, "Pavement 
Subsurface Drainage Design. " This training course will be a complete drainage 



package coveri ng PCC and fl exi bl e pavements and retrofit 1 ongi tudi nal - 
edgedrains. A Request for Proposal for the course has -been developed and has 
been forwarded to the Office of Contracts and Procurement. The development . 

time will be approximately 2 years. 

Sufficient copies of the publication have been distributed to provide one 
copy to each regional office, and two copies to each division office. Di'rect 
distribution has been made to the division offices, which are asked to 
forward one copy to the State. If additional copies of the proceedings are 
desired, or if you have any questions regarding DP 87, the western States 
report, or pavement drainage, please contact Project Manager Bob Baumgardner 
at 202-366-4612. 

Attachment 

illiam A. Weseman 



. . Memorandum 

SWecl: ACTION:  emo on strati on Project No. 87 -Date 6m 
"Drainabl e Pavement Systems' 

Reply to 
. From Director, Office of Engineering Attn 01 - HNG-42 

Director, Off ice of Technology Appl ications . .  

TO Regional Federal Highway Administrators 
Federal Lands Highway Program Admini strator 
ATTN: Techno1 ogy Transfer Coordinators 
Regional Pavement Eng i neers 

We are pleased to announce that the subject demonstration project is avai 1 able 
to State highway agenci es (SHA' s) . 
The pavement structural section is the single most costly element of a highway 
system. Water in the pavement section has been determined to be a factor in 
premature pavement deterioration. Inadequate base drainage has been 
identified as a nationwide problem, particularly in concrete pavements. A 
number of SHA' s have developed innovative pavement designs and construction 
practices that have been successful in draining the pavement section. 
Appl i cat i on of these innovative techniques can reduce premature pavement 
failures and extend the useful 1 ife and investment in the Nation's roadways. 

To demonstrate these newer pavement drainage techniques and other concepts, 
the Federal Highway Administration's (FHWA) Office of Technology Appl ications 
and O f f  ice of Engineering have developed Demonstrat ion Project No. 87, 
"Drai nab1 e Pavement Systems. The project centers around cl assroom 
discussions that provide current state-of-the-art guidance for designing, 
constructing, and maintaining permeable base drainage systems. Detailed 
guidance will be provided for the design and construction of both unstabilized 
and stabil ized permeable bases. The staff will also demonstrate the 
permeability of different base course materials. 

Forwarded under separate cover are additional copies of the attached project 
flyer. These flyers are for distribution to the State agencies in your , .  

region. Interested agencies should submit requests for the demonstration 
project through the local FHWA office. 

Please call Project Manager Robert Baumgardner at (202) 366-4612, should you 
have any questions. 

A 

- 
Attachments 



THIS PAGE LEFT BLANK 
INTENTIONALLY 



Subject 

From : 

To - 

Memorandum 

- 

IWFORIUTIOl!: " ~ f  fect i veness of Highway Edgedrai ns 
Experimental Project No. 12, Concrete Pavement Date 

Drainage Rehabil i tation Nf? 1 4 1993 

Chief, Pavement Division Reply to - HNG-40 
Chief, Engineering Applications Division ~ t t n  01 WA-20 

Federal Regional Highway Administrators 
Division Administrators 
Federal Lands Highway Program Admini strator 

Transmitted under separate cover are sufficient copies of the subject report 
for use by you and your States. This study measured concurrent rainfall and 
edgedrai n di scharges, piezometric water level s and soi 1 moisture under the 
pavement and shoulders in 10 States (Alabama, Arkansas, California, Illinois, 
Minnesota, New York, North Carol ina, Oregon, West Virginia, and Wyoming). 
This report should be of interest to State pavement design and research 
engineers in your region. We would 1 ike to take this opportunity to thank you 
and the participating State and division staffs for making this project a 
success. 

We be1 ieve that a principal contribution that this report ukes is that it 
provides an excellent guide to any State interested in developing a pavement 
drainage study. The pavement instrumentation necessary for drainage is well 
documented. 

Your attention is particularly directed to the CONCLUSION, Effectiveness of 
Edaedrains, section on page 78 of the subject report. We feel that the 
fol 1 owing three statements have considerable impact on the national pavement 
subsurface drainage effort to reduce damage to the pavement structure caused 
by surface infiltration through joints and cracks: 

o "Retrofitting longitudinal edgedrains to an existing highway provides a 
sink to collect water draining laterally off pavement surfaces, as well 
as water reaching the edgedrain through subgrade voids and channels." 

o "Tight, low peraeabil i ty subgrade material precludes ready, lateral 
drainage with or without edgedrains." 

o "If highway restoration, as we1 1 as construction, includes provisions 
for a permeable subgrade (base), as well as edgedralns, the two together 
should prove the most efficient in- restoring the highwayom 

We would like to direct your attention.to Column (8) of Table 3 on page 64. 
The wide range of the percent of rainfall that shows up in the edgedrain 
discharges indicates how difficult it is to design edgedrain systems. 
Therefore, thi s study ful ly supports the "Time-to-Drain" concepts presented in 
Demonstration Project No. 87, "Drainable Pavement Systemsm (Demo 87). 



. -2 . 
We would l i k e  t o  take t h i s  opportunity t o  update you -on our pavement drainage 
ef for ts.  Current ly,  we are making presentations of Demo 87. Attached i s  a 
lnap showing the progress o f  the pro ject .  It should- be noted t h a t  t h i s  p ro jec t  
only covers drainage o f  new o r  reconstructed por t land cement concrete (PCC) 
pavements w i t h  permeable bases, a separator 1 ayer and edgedrai ns. Drainage of 
aspha1 t concrete (AC) pavements o r  r e t r o f i t  1 ongi tud ina l  edgedrains i s  not  
covered i n  the demonstrat ion  pro ject .  

The next generation o f  our pavement drainage a c t i v i t i e s  w i l l  inc lude the 
development o f  the  National Highway I n s t i t u t e  Course No. 13126, 'Pavement 
Subsurface Drainage Design. " Drainage o f  pavement i n f i l t r a t i o n  f o r  both PCC 
and AC pavements, along w i th  r e t r o f i t  l ong i tud ina l  edgedrains, w i l l  be 
covered. This p ro jec t  i s  i n  the conceptual stage w i th  a National Highway 
I n s t i t u t e  proposal under development . 
A 1 i m i  ted number o f  addi t ional  copies o f  the attached repor t  are avai lab le  
from our Report Center, o r  by purchase from the Geological Survey (Report No. 
WRRI 92-4147, cost  - 513.00, and telephone number (303) 236-7476) : 

U. S. Geol ogi ca l  Survey 
Books and Open- F i  1 e .Reports Section 
Box 25286, Federal Center 
Denver, Col orado 80225 

I f  you have any addi t ional  questions, please contact Mr.  Robert Bauqardner 
(202) 366-4612 i n  the Pavement Div is ion.  

Attachments 



Memorandum 
U.S. Department 
of Transportat ion 
Federal Highway 
Administration 

ACTION: Mai ntenance o f  Pavement Edgedrai n  Date: MAR211995 
Systems 

From: Associate Administ rator  f o r  
Program Devel opment 

Reply to 
Attn of HNG-42 

Regional Administ rators 
Federal Lands Highway Program Admini s t r a t o r  
ATTENTION: Regional Pavement Engineers 

The purpose o f  t h i s  memorandum i s  t o  s t rong ly  r e i t e r a t e  the need f o r  
maintenance o f  edgedrai n  systems. We have become increas ing ly  concerned about 
the l ack  o f  maintenance o f  the edgedrain systems t h a t  we have observed around 
the country. Recently, one o f  our d i v i s i o n  o f f i c e s  made an extensive review 
o f  the maintenance o f  pavement edgedrain systems and prepared an excel l e n t  
repor t  documenting t h e i r  f indings.  Attached i s  a  copy o f  t h e i r  r epo r t  
"Maintenance o f  Pavement Underdrain System." The reference t o  the i d e n t i t y  o f  
the d i v i s i o n  o f f i c e  and the State highway agency has been removed a t  t h e i r  
request. We recommend t ha t  the d i v i s i o n  o f f i c e s  i n  your reg ion conduct 
s im i l a r  f i e l d  evaluations o f  ex i s t i ng  edgedrain systems. 

S u f f i c i e n t  copies o f  the pub l i ca t ion  are attached t o  provide one copy t o  each 
regional  o f f i c e ,  and two copies t o  each d i v i s i o n  o f f i c e .  We ask t h a t  t h i s  
repor t  be forwarded t o  the State. I f  add i t iona l  copies o f  the repor t  are 
needed, please contact M r .  Robert Baumgardner a t  (202) 366-4612. 

We cannot over emphasize the importance o f  proper construct ion and maintenance 
o f  pavement edgedrain systems. I f  water i s  not  r ap i d l y  removed from these 
systems, they w i l l  serve as reservo i rs  satura t ing pavement bases and causing 
ra the r  than preventing accelerated pavement deter iora t ion.  

Currently, we are f i n a l i z i n g  a  service contract  f o r  the video inspect ion o f  
highway edgedrains. This serv ice w i l l  ass is t  you and the State i n  eva luat ing 
pavement drainage systems. The video inspect ion w i l l  provide a  qua1 i t a t i v e  
p i c t u re  o f  edgedrain condi t ions i n  the State. 
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Memorandum 
f l  U.S. Department 

of Transportation 

subject INFORHATION: Pavement Subsurface ~ r a i  n a b  Date 161994 
A c t i v i t i e s  

Reply to 
From Chief, Pavement Div ison Attn of HNG-42 

To. Regional Administrators 
Federal Lands Highway Program Administrator 

The purpose o f  t h i s  memorandum i s  t o  update you on our pavement drainage 
a c t i v i t i e s  and t ransmit  a copy o f  the Demonstration Pro jec t  No. 87, (Demo 87) 
"Drainable Pavement Systems Ins t ruc to r ' s  Gut demo Thi s pub1 i c a t i  on provides a 
capsulized p i c t u re  o f  pavement subsurface drainage design. Demo 87 was 
presented i n  over 40 States, Puerto Rico and the D i s t r i c t  o f  Columbia. 
Attached i s  a map showing pa r t i c i pa t i on .  

With the successful completion o f  the f i r s t  phase o f  Demo 87$, we are moving 
i n t o  Phase I 1  o f  Demo 87, which consists o f  th ree a c t i v i t i e s :  

F i r s t ,  a Technical Working Group (TWG) on F l e x i b l e  Pavement Drainage 
Design cons is t ing o f  par t ic ip -ants  from FHWA, State highway agencies 
(SHAfs), t in ivers i t ies ,  and indus t r ies  was convened i n  June o f  t h i s  year. 
The par t i c ipan ts  provided input  as a TWG by drawing on t h e i r  experience 
and expert ise. Wide ranging d i  scussions on the design and const ruc t ion 
o f  f l e x i b l e  pavements revealed t h a t  there  was no c l ea r  d e f i n i t i o n  o f  the 
r o l e  o f  drainage i n  f l e x i b l e  pavements. One po in t  o f  consensus was 
that ,  i f  a permeable base was provided i n  a f l e x i b l e  pavement, i t  would 
p r ima r i l y  combat pavement i n f i l t r a t i o n  water; i t  would no t  solve ground 
water problems. A summary o f  the TWG workshopf s notes was t ransmi t ted . 
t o  each regional  o f f  i c e  by memorandum dated 'November 21, 1994. 

Second, we have developed a Proposal (RFP) e n t i t l e d  mVldeo Inspect ion o f  
Highway Edgedrains, which i s now be i  ng considered f o r  con t rac t  award. 
This w i l l  provide SHAfs w i t h  a q u a l i t a t i v e  video p i c t u r e  o f  edgedrain 
condi t ions.  Upon request o f  the SHA, the video con t rac to r  w i l l  be 
ava i lab le  t o  the SHA f o r  up t o  a week t o  inves t iga te  the  edgedrain 
i n - s i t u  condit ions. Both ex i s t i ng  edgedrains and new const ruc t ion could 
be viewed on both AC and PCC pavements. A f t e r  the  inspection, the  
Contractor w i l l  provide the SHA w i t h  a copy o f  video tapes and 35 nm 
s l i des  taken dur ing the  inspection. Also ava i lab le  w i l l  be Graphic 
Informat ion System ( G I s )  output documenting both t h e  v e r t i c a l  and 
hor izonta l  alinement o f  the edgedrain system. We expect t h i s  a c t i v i t y  
t o  be ava i lab le  about March 1, 1995. 



Third, we are in te res ted  i n  cont inuing t o  develop exper t ise  and provide 
technical  support i n  the  const ruc t ion o f  permeable base and drainage 
systems f o r  both f l e x i b l e  and concrete pavements. Ye would appreciate 
feedback from your o f f i c e  t o  i d e n t i f y  upcoming const ruc t ion pro jec ts ,  so 
t h a t  we can assess developing construct ion techniques and p rac t i ces  and 
provide techn ica l  support as appropriate. We encourage s tud ies  t o  
evaluate the e f f e c t  o f  drainable systems on pavement performance 
( p a r t i c u l a r l y  AC pavements) which includes a non-drained con t ro l  
section. Please keep us informed o f  any studies underway o r  planned. 

Attached i s  a b r i e f  one-page desc r ip t ion  o f  our cu r ren t  drainage a c t i v i t i e s  
t h a t  you may want t o  disseminate t o  your d i v i s i o n  o f f i c e s  and SHA's. 

2 Attachments 



SUMMARY OF FWAtS CURRENT PAVEMENT SUBSURFACE DRAINAGE ACTIVITIES 

December 1994 

Demonstration Pro jec t  No. 87, 'Drainable Pavement Systeasw (Demo 87) provided 
de ta i  1 ed design and construct i o n  guidance f o r  drainage systems under Port1 and 
Cement Concrete (PCC) pavements. Establ i shed drainage design procedures were 
combined w i t h  the s ta te -o f - the -a r t  i n  p rac t i ca l  permeable base const ruc t ion t o  
provide a we l l  balanced approach f o r  the drainage o f  PCC pavements. De ta i l  
design and construct ion guidance was provided f o r  permeable bases, separator 
l ayers and edgedrains. Demo 87 was presented i n  over 40 States, Puerto Rico 
and the  D i s t r i c t  o f  Columbia. With the successful completion o f  the  f i r s t  
phase o f  Demo 87, we are moving i n t o  Phase I 1  o f  Demo 87 which cons is ts  o f  
athree a c t i v i t i e s .  

F i r s t ,  a Technical Working Group on F lex i b l e  Pavement Drainage Destgn (TWG) 
cons is t ing o f  p a r t k i p a n t s  from FHWA, State highway agencies (SHA's) , 
Univers i t ies ,  and Indust ry  was convened i n  June o f  t h i s  year. The 
pa r t i c i pan t s  provided input  as a TWG by drawing on t h e i r  experience and 
exper t i  se. Wide ranging d i  scussi ons on the design and construct  Ion  o f  
f l e x i b l e  pavements revealed t h a t  there  was no c l ea r  d e f i n i t i o n  o f  the  r o l e  o f  
drainage i n  f l e x i b l e  pavements. The on ly  po in t  o f  consensus was that ,  i f  a 
permeable base was provided i n  a f l e x i b l e  pavement, i t would p r i m a r i l y  combat 
pavement i n f  i 1 t r a t i o n  water; i t  would not  solve ground water problems. 
A sumary o f  the WG workshop i s avai 1 abl e . 
Second, we are preparing t o  award a cont rac t  i n  response t o  a Request f o r  - 
Proposal (RFP) e n t i t l e d  V i d e o  Inspect ion o f  Highway Edgedrainsa contract .  
This w i l l  provide State highway agencies (SHA's) w i t h  a q u a l i t a t i v e  video * 

p i c t u r e  o f  edgedrain condit ions. Upon request o f  the SHA, the Contractor w i l l  
be ava i lab le  t o  the  SHA's f o r  up the a week t o  inves t iga te  the edgedrain i n  
s i  t u  condit ions. Both ex i s t i ng  edgedrains and new const ruc t ion f o r  AC and 
PCC pavements could be viewed. The equipment cannot inspect  " f i n N  dra ins  o r  
round p ipe l ess  than 100 mm diameter. A f t e r  the inspection, the Contractor  
w i l l  provide the  SHA w i t h  a copy o f  video tapes and 35 m s l i des  taken dur ing 
the inspection. Also, Graphic Informat ion Systems (GIs) in format ion on 
edgedrain v e r t i c a l  and hor izonta l  a1 i nement w i  11 be provided. We expect t h i  s 
a c t i v i t y  t o  be ava i lab le  by March 1, 1995. 

Third, we are in teres ted i n  cont inuing t o  develop exper t ise  and provide 
technical  support i n  the construct ion o f  permeable base and drainage systems 
f o r  both f l e x i b l e  and concrete pavements. To accomplish t h i s  a c t i v i t y ,  f i e l d  
t r i p s  w i l l  be made t o  view construct ion and provide techn ica l  support f o r  
p lac ing permeable bases i n  both r i g i d  and f l e x i b l e  pavements. We are a lso  
in te res ted  i n  studies evaluat ing the e f f e c t  o f  these systems on pavement 
performance. 



We are now final izing a RFP entitled 'Pavement Subsurface Drainage 
Microcomputer Program.' This microcomputer program will replicate the design 
procedures contained in the Demo 87 Participant Notebook. This will provide 
engineers with a useful tool for drainage design.. 

The National Highway institute (NHI) has advertised a RFP for developing a 
training course entitled NHI Course No. 13126 'Pavement Subsurface Drainage 
Design: Drainage guidance for PCC and flexible pavements, a1 ong with 
retrofit edgedrains, wi 11 be compiled into a comprehensive pavement drainage 
training course. The length of the course will be about 3 days and will 
follow a slide-lecture format. This training course will be available to all 
SHAfs and Industry though NHI. 





THIS PAGE LEFT BLANK 
INTENTIONALLY 



Chapter 6 

Shoulder 





CHAPTER 6 

SHOULDER 

6.1 TA 5040.29, Paved Shoulders, February 2, 1990. 
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CHAPTER 7 

PAVEMENT REHABILITATION 

7.1 Concrete Pavement Restoration Performance Review, May 22, 1997. 
Concrete Pavement Restoration Performance Review, April 1987. 

7.2 Crack and Seat Performance Review Report, April 1987. 

7.3 Saw and Seal Pavement Rehabilitation Technique, February 22,1988. 
Saw and Seal Pavement Rehabilitation Technique, Technical Paper 88-01. 

7.4 Reserved 

7.5 FHWA Notice N5080.93, Hot and Cold Recycling of Asphalt Pavements, 
October 6,1981. 

7.6 Reserved. 

7.7 Use of Recycled Concrete in Portland Cement Concrete Pavement, July 25, 
1989. 

7.8 Use of Recycled PCC as Aggregates in PCC Pavements, February 1985. 

7.9 Overview of Surface Rehabilitation Techniques for Asphalt Pavements, 
Report Number FHWA-PD-92-008, April 6,1992. 

7.10 State of the Practice Design, Construction, and Performance of Micro- 
Surfacing, Report Number FHWA-SA-94-051, July 12,1994. 

7.11 Retrofit Load Transfer, Special Project 204, February 10,1994. 

7.12 Reserved. 
& 

7.13 Thin Bonded Overlay and Surface Lamination Pavements and Bridges, 
ISTEA 6005, July 1,1994. 





Sub=t Technical Paper - An averview o f  Surface . owe: ApR 6 
Rehabil i tation Techniques for Asphalt Pavements 

Reply to 

Frm- Chief, Pavement Division Attn ot. - HNG-42 

lo: Regional Federal Highway Admi ni strators 
Federal Lands Highway Program Admini strator 

During the past year, the Pavement Division, in conjunction wlth the Office of 
Techno1 ogy Appl ications, has been involved in a comprehensive effort to 
develop an information base on existing and emerging surface rehabil i tation 
techniques for asphalt pavements. Examples of techniques we are evaluating 
incl ude: (1) cold -mixtures such as slurry seals and micro-surfacing; (2) 
single and multiple chip seals; and (3) open and dense graded thin hot-mix 
overlays. The use of modified binders and fibers in these applications will 
also be examined. This project will provide information on the usage, design, 
construction, cost, and anticipated performance of the'te techniques when 
appl ied as a functional improvement to a structurally sound higher volume 
roadway pavement. Further, this project will complement and expand on the 
information gained from the Strategic Highway Research Program's specific 
pavement studies (SPS-3) experiment. 

Attached are copies of the technical paper entitled, "An Overview of Surface 
Rehabi 1 i tation Techniques for Asphalt Pavements," (FHWA-PD-92-008). You may 
wish to provide copies o f  this paper to your division offices. This paper 
summarizes known preventative maintenance and surface rehabi 1 i tation 
techniques based on our 1 iterature search and some limited field work. During 
the coming months, we will be visiting several existing and new projects to 
gather additional related information on various applications. Your staff 
assistance in this regard will be appreciated. 

If you have any questions on our effort or llke to arrange for a presentation 
on this subject, please call Messrs. Hassan Raza at FTS 366-1338 or 

Loui s M e  Papet 

Attachments 
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Subject ACTION: Distribution of 

Publication 

,,, Director, Office of Engineering 
Director, Office of Technology 
Applications 

Date Ju ly  12, 1994 

To 
Regional Administrators 
Federal Lands Highway Program Administrator 

The attached publication, State of the Practice Desiun. 
Construction. and Performance of Micro-surfacinq ( F H W A - S A - ~ ~ - O ~ ~ )  
provides a comprehensive discussion on an emerging surface 
rehabilitation technology. Sufficient copies of this publication 
are attached for your use and further distribution to the 
division offices and States within your region. Copies have also 
been distributed to each of the LTAP Technology Transfer Centers. 
Additional copies are available in limited supply from the 
Research and Technology Report Center, HRD-11, 6300 Georgetown 
Pike, McLean, Virginia 22101-2296 (telephone 703-285-2144). 

Micro-surfacing consists of polymer-modified asphalt emulsion, 
crushed--aggregate ; .mineral filler, water; rmd .f ield-controlled 
additives as needed. Micro-surfacing is primarily used to seal 
existing surfaces, improve surface friction, and fill wheel ruts 
on both moderate and high volume roads. When properly designed 
and constructed, micro-surfacing has shown promising results with 
several years of service life. This surface rehabilitation 
technique has also been used effectively on portland cement 
concrete pavements to improve surface friction or address 
mechanical wear in the wheel paths. 

This state-of-the-practice paper is a result of p joint effort by 
the offices of Engineering and Technology Applications, and the 
industry to develop information on existing and emerging surface 
rehabilitation techniques for asphalt pavements. The first 
product of this effort, An Overview of Surface Rehabilitation 
Techniques for As~halt Pavements (FHWA-PD-92-008) was developed . 
and distributed in April 1992. Presentation slides for both of 
the above papers wili be available later this fall. 



In a related effort;an Office of Engineering memorandum dated 
June 24 announced the availability of warranty guide 
specifications for micro-surfacing projects on the National 
Highway System under Experimental Project 14. If you have any 
questions or would like to request technical support in the 
surface rehabilitation area, please'call Hassan Raza at . . 

' 202-366-1338, 

William A. Weseman 
~o~:.'Sirector, off ice of 

Technology Applications 



Memorandum 

Sub~ect INFORMATION: SP204 - Retrof i t Load Transfer Date 
fEB 10 1994 

Reply to 
From Chief, Pavement Division . . Attn 01 HNG-42 

Chief, Engineering Applications Division - HTA-21 

TO Regional Federal Highway Admini strators 
Division Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Attached are the following documents for your use and information: . 

1. Current status report - SPECIAL PROJECT 204 - Retrofit Load Transfer 
and December 27, 1993 report Retrofit Load Transfer in Jointed 
Concrete Pavements 

2. TRB Preprint 940247, Linda M. Pierce, PCCP Rehabilitation in 
Washington State (A Case Study) 

3 .  Inspection report by Lynn Porter and Cathy Nicolas on Washington 
State Load Transfer Retrofit Project 

4 .  Report by Roger Larson of load transfer restrofit field visits 
in Puerto and Indiana 

Until recently, load transfer retrofit had been used only experimentally in 
the continental United States. In the last ten years, an estimated 300 lane 
Krn of faulted or cracked undoweled jointed plain concrete pavement (JPCP) has 
been successfully rehabilitated in Puerto Rico. Based on the generally good 
performance of previously constructed 1 oad transfer retrofit experimental 
sections in the U.S. and the outstanding performance in Puerto Rice,. SP-204 
was initiated to encourage the development of equipment to construct multiple 
slots in each wheelpath to increase the production rate for this technique and 
to reduce the construction cost and road user delays. 

Attachment 1 describes the current status and background of this effort. 
Attachment 2 describes the prel iminary engineering and experimental test 
section construction that led to the 53 km project now underway in Washington 
State. Attachment 3 descri bes the major Washington State project currently 
underway involving 53 km (about 24 km now complete) of retrofit load transfer 
on eastbound 1-90. Attachment 4 describes field visits to Puerto R?CO to 
observe the long term performance of retrofit load transfer projects and to 
Indiana to observe a demonstration of the feasibility of using carbide milling 
technology to construct multiple slots in jointed reinforced concrete pavement 
(JRCP) . 



Based upon the recent construction of 24 lane km of retrofit dowels (JPCP) in 
the project currently -underway in Washington State and the successful 
demonstration of milling three slots per wheelpath in one pass on working 
cracks in a JRCP ramp in Indiana, equipment is now available to economically 
construct retrofit load transfer at joints or cracks in existing jointed 
concrete pavements. The bid price to construct retrofit- 1 oad transfer devices 
in Washington State was $34.50 per dowel instal led (62,000 38 mm dowels in 
64 mm wide slots). The average bid price in Pllerto Rico is $20 per dowel 
installed (25 mm dowel in 40 mrn wide slots) where this has been done routinely 
for ten years (slots sawed individually). 

This technique should be used with other concrete pavement restoration 
techniques to rehabilitate existing jointed concrete pavement before serious 
deterioration is present. Perhaps the most cost-effective initial application 
of this technique would be to restore load transfer at working cracks 
developing in under-reinforced JRCP in other wise good condition. If 
.performed early, it would also provide a cost-effective extension of the 
service life at the joints on undoweled JPCP and at transverse cracks without 
serious deterioration in either doweled or undoweled JPCP. If serious 
deterioration is present, full depth patching and/or selective slab 
rep1 acements should be performed instead. . 

When properly appl ied, this technique will result in a cost-effective 
extension of the service life of existing jointed concrete pavements in good 
to fair condition. This technique would also be a very effective routine and 
preventive maintenance technique to reduce the cost and user delays during 
repairs of working cracks shortly after they develop and before full depth 
patches or slab replacements become necessary. 

If you have comments or questions, please contact Mr. Roger Larson, the 
project manager of SP 204, at (202) 366-1326. A Technical Working Group will 
be formed shortly to update guidance reflecting the new equipment developments 
and other critical technical issues to help ensure success of this promising 

&& Louis M. Papet 
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Memorandum 

Sublect: ACTION: ISTEA Section 6005 ,,I,. July I ,  1994 
Thin Bonded Over1 ay and Surface Lamination 
Pavements and Bridges 
Reply due: October 31, 1994 

Redy to 
From. Attn. of: 

Director, Office of Engineering HNG-32 
HNG-42 

To: Regional Federal Highway Administrators 

We are requesting applications for additional projects for the Thin Bonded 
Overlay and Surface Lamination (TBO) Program, which is part of the Applied 
Research and Technology (ART) Program establ ished by Section 6005 of the 
Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991. A 
summary of the TBO program and the appl ication procedures are described in 
Attachment A. The application form is included as Attachment B. A summary of 
information on technologies is included in Attachment C. A listing of bridge 
deck and pavement over1 ay projects and TBO technologies previously approved is 
included in Attachment D and the evaluation plans developed for these projects 

r' 
are included in Attachment E. 

Additional projects are being sought for available fiscal year (FY) 1994 and 
1995 funding. Projects proposed for construction in FY 1996 and 1997 are also 
encouraged. There may be no future solicitations for ISTEA TBO projects if 
enough candidate projects are avail able for selection from responses to this 
request. Please contact the States in your region for candidate projects for 
the TBO program. Candidate projects proposed by the State highway agencies 
must be submitted on the application form (Attachment B) and sent with any 
supporting information to the appropri ate Federal Highway Administration 
Division Office by October 14, 1994, for forwarding to this office by 
October 31. The Section 6005 funding provided (100 percent for reporting and 
evaluation and 80 percent for construction and an equal amount of obligation 
authority for projects approved as a part of this solicitation) is in addition 
to the individual State's regular Federal-aid. Please a1 so note that priority 
for funding will be given to the technologies listed in the New Pro jec ts  
Sought section of Attachment A. 

Your cooperation and attention are greatly appreciated. I f  you have any 
questions or comments, please contact Mr. Vasant Mi stry, HNG-32, 
(202) 366-4599 or Mr. Roger Larson, HNG-42, (202) 366-1326. General questions' 
on the ART Program should be addressed to Mr. Richard A. McCornb, HTA-2, 
(202) 366-2792. 

5 Attachments 
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CHAPTER 8 

SURFACE AND OTHER CONSIDERATIONS 

8.1 Rideability Specifications, December 17,1987. 

8.2 A Selection of Measuring Equipment Used to Monitor and Enforce 
Rideability Specifications, Technical Paper 88-03, May 24, 1988. 

8.3 TA 5040.17, Skid Accident Reduction Programs, December 23,1980. 

8.4 TA 5140.10, Texturing and Skid Resistance of Concrete Pavement and 
Bridge Decks, September 18,1979. 

8.5 TA 5040.31, Open-Graded Asphalt Friction Course, December 26,1990. 

8.6 Automatic Profile Index Computation, February 21,1991. 
Analysis and Recommendations Concerning Profilograph Measurements in 
South Dakota, November 1990. 

8.7 Measurements, Specifications, and Achievement of Smoothness for 
Pavement Construction, NCHRP No. 167, 1990. 

8.8 A Half Century with the California Profilograph, Report Number 
FIIWA-AZ-SP9102, February 1992. 





NAT l O N A L  C O O P E R A T I V E  H I G H W A Y -  R E S E A R C H  P R O G R A M  
S w w H E s I s  O F  H I G H W A Y  P R A c n c E  167 
- 
MEASUREMENTS, SPECIFICATIONS, AND 

ACHIEVEMENT OF SMOOTHNESS FOR PAVEMENT 
CONSTRUCTION, 

RESEARCH SPONSORED BY THE AMERICAN 
A S S O C I A T I O N  OF  S T A T E  H I G H W A Y  A N D  
TRANSPORTATION OFFICIALS IN COOPERATION 
WITH THE FEDERAL HIGHWAY ADMINISTRATION 

T R A N S P O R T A T I O N  R E S E A R C H  B O A R D  
NATIONAL RESEARCH COUNCIL 
WASWCTON, D.C. NOVEMBER 1990 
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MEASUREMENTS, SPECIFICATIONS, 

SUMMARY 

AND ACHIEVEMENT OF 
SMOOTHNESS 'FOR PAVEMENT 

CONSTRUCTION 

The concern about the smoothness of bighway surfaces preades the development 
of motorized vehicles. In the early days, the simple strrughtedge was used rs the sole 
indicator of smoothness. But even bcforc the turn of the century, efforts were dkctcd 
at developing improved devices for smoothness evaluation. From 1900 to near midcen- 
tury, numerous devices of inrreasing complexity were inwntcd. These w m  primarily 
mechanical devices with elaborate multi-wheeled support systems. Advances in several 
tcchnologial fields bavc now been applied to smoothnap-measuring equipment, re- 
sulting in the incorporation of tlectri#l circuitry, decbwaics, ultrascmics, lasers, and 
computciization. 

Although the early devices were primarily of concern to the practicing engineer, the 
advent of test md coastruction brought the d aghecr onto the rccm Many 
devices were dcvtlopcd in cannection with specific muarch efforts. T'hc automotive 
industry became interested because of the effect that certain types of pavanat had on 
motor vehicles. In recent years highway mauagenr hrve f c q n k d  that the public rates 
a highway primarily on its riding h m c t c m k  . . Thusitisnemsarytoprosnmnan 
increasing amount of highway funds to address the issue of pavanat smoothnem on 
a system-wide basis. 

As a ctmcquencc, several smoothness-measuring devices have bean developed and 
are in current use. The fundamentals of operation, cost, and appropriateness to address 
a specific need vary considerably. Certain devices are far better suited than others to 
the purpose of controlling the smoothness of newly constructed pavements. Therefore, 
it is important for ihose concerned with obtaining smoothness in construction to be 
aware of the equipment k t  suited for that purpose and the relation of that equipment 
to the entire spectrum of smoothness-measuring devices. 

Smoothness-measuring equipment currently used in new pavement construction 
includes straightedges (static and rolling), profilographs* response-type road- 
roughness-measuring systems, and inertial profilometcrs. All agencies use a straight- 
edge-a few as the sole approach to smoothness control, but most as an adjunct 
to other equipment. The type of instrument receiving increased application is the 
profilograph, either the California or Rainhart type. These devices arc similar in that 
they ponray graphically certain characteristics of pavement smoothness, arc relatively 
simple mechanical devices, can be used on new concrctc pavement surfllccs boon aha 
construction, are low-costAow-maintenance devices, and provide information that is 
readily acceptable by specifying agencies and the construction industry. Profilographs 
provide an analog trace to which specification tolerances arc applied. Thc traces can 
be used to locate specific pavement features in the field. The primary disadvantages 
with this type of instrument arc the slow speed of operation (3 mph) and the time 
required for evaluating the profiles, although the latter item has bem addressed by 
computerized models that are now available. Other disadvantages include the cxaggm- 
tion and suppression of parts of the surface wavelength spectqum, the occasional 



d & m  by the blanking band of surface irregularities that may be of i m p o m  md 
r mediocre codation to other rcfsxmcc roughness standards. 

Other devices being used in evaluating smoothness of near construction, in&- 
-type rod-roughnes~~measuriag system aind inertial profilometgs, arc rurd 
u&ierab1y less often than profilopphs for a variety of reasons. They arc not able 
to be-usad on concrete pavements for a considczable time after paving (k, until the 
concrete gains sufficient strength), they don't allow rauiy identification or location of 
pavement surface aberrations, and, in some cases, thy are vay costly items. However, 
they can operate at high speeds; thus a considerable amount of data can be obtained 
at a lower cost. Also, the smoothness statistic is achievdd with little or no manual 
pmccssing. High-speed equipment hrs its.greatest application in entke highway system 
assessment, research applications, and for calibration purposes. 

Numerous research &om as well as symposia and workshops have been directed 
toward providing information on the use of smoothness-measuring equipment. Al- 
though there are vast differences in equipment types and their ultimate application, 
the relationships of several smoothness indexes have been compared and are reasonably 
well defmed. 

A survey of practices in use in the United States and Canada revealed that there is 
a wide diversity in the use of smoothness spdhtitions and equipment. However, 
emphasis on smoothness by s p d j m g  agencies, together with strong support from the 
construction industry, has led to the attainment of increasingly smoother pavements. 
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National Perspective on 
Pavement Management 

he nation's highway network 
represents a multibillion dollar 
investment that allows for the 
essential movement of people 

and goods. 
Sound decisions on preventive mainte- 

nance, rehabilitation, and reconstruction 
of highway pavements are crucial to pro- 
tecting that investment. For this reason, 
Pavement Management Systems (PMS) 
have become increasingly important and 
are now federally mandated on all Fed- 
eral-aid highways. PMS provide valuable 
assistance to decision makers in deter- 
mining cost-effective strategies for pro- 
viding and maintaining pavements in ser- 
viceable condition. 

History of PMS 

Cnlike other management systems that 
have'begun in recent years, PMS were 
started two decades ago. Although they 
have made steady progress since that 
tlme, they are still new compared with 
other institutional functions such as plan- 
ning, design, construction, maintenance, 
and research. 

By the mid-1980s PMS were proving 
themselves and the benefits were being - 
documented. By the end of the 1980s 

Frank Botelho is Chief, Pavement Manage- 
ment Branch, Federal Highway Adminis- 
tiation. . . 

FRANK BOTELHO 

more than half the states were developing 
or implementing PMS. In 1989 the Fed- 
eral Highway Administration (FHWA) . 

issued a policy requiring all states to have 
a PMS that would cover principal arterials 
under the states' jurisdiction It was there- 
fore apparent to FHWA that a PMS was 
needed by all to ensure the cost-effective 
expenditure of Federal-aid funds. 

The scope of federal and state involve- 
ment in PMS expanded when Congress 
passed the Intermodal Surface Trans- 
portation Efficiency Act of 1991 (ISTEA) 
and required all states to have a PMS that 
covers all Federal-aid highways. The most 
significant aspect of this law was the 
expanded network coverage. FHWA's 
1989 policy covered 3 13,700 centerline 
miles and ISTEA approximately tripled 
that coverage, increasing it to 916,200 
centerline miles. This expanded coverage 
translates into a need for significant coor- 
dination among state and local govern- 
ments. For example, of the total of 
916,200 miles covered, 365,200 are under 
local jurisdiction. 

In December 1993, FHWA issued a reg- 
ulation covering ail management systems. 
Section 500, Subpart B, of the regulation 
.describes the ISTEA requirements for PMS. 
The following items are noteworthy: 

- 1. The regulation is nonprescriptive; 
2. Federal-aid funds are eligible for the 

development, implementation, and an- 
nual operation of a FMS; 

3. States must develop their work plan 
by October 1994, designed to meet the 

implementation requirements; 
4. Standards are included for the 

National Highway System (NHS); 
5. The PMS for the NHS must be fully 

operational by October 1995; 
6. The states have full flexibility to 

develop the standards for the PMS that 
cover the non-NHS routes; 

7. The PMS for non-NHS routes must 
be fully operational by October 1997; and 

8. PMS information must be used as 
input into the development of the metro- 
politan and statewide transportation 
plans and improvement programs. 

Section 500.207, PMS Components, 
contains the components of a PMS for 
highways on NHS, There are three pri- 
mary components: data collection, analy- 
ses, and update. The components under 
data collection include 

1. Inventory: physicat pavement fea- 
tures including the number of lanes, 
length, width, surface type, functional 
classification, and shoulder information; 

2. History: project dates and types of 
construction, reconstruction, rehabilita- 
tion, and preventive maintenance; 

3. Condition survey: roughness or ride, 
pavement distress. rutting, and surface 
friction; 

4. Traffic: volume, vehicle type, and 
load data; and 

5.  Data base: compilation of all data 
files used in the PMS. 

The components under analyses include 

TR News 173, July-August 1994 5 



1. 
ting, 

2. 

Condition clnal-ysis: ride. distress. rut- 
and surface- fric tion: 
Performance analvsis: pavement per- 

formance analysis and an estimate of 
remaining service life; 

3. lnvcs[ment umdysis: an estimate of 
network and project level investment 
strategies. These include single- and 
multi-year period analyses and should 
consider life-cycle cost evaluation; 

4. Engineering analysis: evaluation of 
design, construction, rehabilitation, mate- 
rials, mix designs, and maintenance; and 

5. Feedback analysis: evaluation and 
updating of procedures and calibration of 
relationships using PMS performance 
data and current engineering criteria. 

Advantages of PMS 

A PMS involves a systematic approach that 
supplies quantifiable engineering i n f o v -  
tion to help highway engmeers and admin- 
istrators manage highway pavements The 
total decision-making process is based on 
information from PMS coupled with engi- 
neering experience, budget constraints, 
scheduling parameters, management pre- 
rogatives, public input, political consider- 
ations, and planning and programming 
factors. 

The purpose of a PMS is to enhance 
the way an agency manages and engineers 
the presenatlon of its pavement network. 
A PMS brings to the table "cond~tion 
data," the past, present, and predicted 
future condition of the pavement net- 
work. Coupled w ~ t h  inventory. project 
h~story, and cost data, a PMS can perform 
a myriad of eng~neering, management. 
and investment analyses. 

A PMS helps provide the engineering 
justification for a multiyear network-level 
pavement preservation program. It can be 
used to measure the cost-effectiveness of the 
preservation program and in doing so it can 
determine the value added to the assets. 
When all the information in a PMS is ana- 
lyzed (including key items such as the 
remaining service life), an agency can deter- 
mine if it is meeting its own goals. Some 
basic questions a PMS should answer are 

Is the network in acceptable condi- 
tion according to the agency's policy? 

Is the trend in condition staying the 
same, improving, or declining? 

Is there a backlog, and if so, how 
large is it? 

A PMS should explore and seize 
opportunities to extend the senrice life of 
pavements-a major investment in t k  

future of the nation's infrastructure. This 
goal can be accomplished by using the 
information in a PMS data base (i.e.. per- 
formance data) to evaluate how well 
pavements are designed. constructed. and 
maintained. The quality of engineering 
and the materials used are of the utmost 
importance because these factors deter- 
mine the rate at wh~ch pavements deteri- 
orate. In general terms, a PMS should 
help accomplish work more efficiently 
and provide a way to measure how well it 
is carried out. 

PMS Perspective 

The following is an item-by-item perspec- 
tive on current practices, future trends, 
and common hurdles in PMS. 

Inventory 
Most, if not all, states have an inventory of 
the physical features that are on  the sur- 
face of the pavement (i.e., number of lanes, 
length, width, surface type, functional clas- 
sification, and shoulder information). A 
number of states are lacking information 
on features that lie below the surface 
because of the time and expense involved 
in coring the pavenient. The newest 
proven technology being used by the states 
to measure pavement layer thicknesses is 
g r o ~ n d - ~ e n & i t i n ~  ndar . When calibrated 
.and using computer analysis, ground-pen- 
etrating radar can measure pavement layer 
thickness within plus or minus 5 percent 
for materials that have different dielectric 
constants. State-of-the-art equipment oper- 
ates at highway speeds that makes it fast, 
safe. and cost-effective. 

Project History 
Most spates do not have a complete proj- 
ect history (i.e., preventive. maintenance, 
rehabilitation, and reconstruction data) 
for the NHS. Maintenance information is 
the weakest link. Most states have 
recently developed, or arc in the process 
of developing, a PMS file for preventive 

ISTEA requires that states have pavement management system &verbg all Federal-aid agencies are now beginning to track the 
highways, many of which are under local jurisdiction. project history. 
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Roughness 
The technology for measurmg pavement 
roughness at the network level generally 
began with response-type devices, fol- 
lowed by ultrasonic and visible optical 
devices. The future trend is toward 
infrared optical and laser profile devices. 

Rutting 
When PMS was first introduced 15 to 20 
years ago, rutting was measured using 
straight edges and string lines. During the 
past 10 years, most state highway agencies 
(SHA) have acquired automated devices 
that measure rutting at highwai speeds. 
These are typically ultrasonic devices with 
either three or five sensors. There are two 
other devices: one has 19 ultrasonic sen- 
sors and another has 11 lasers. 

Cracking 
In general, cracking is the distress that 
"drives" most PMS. For many years, 
cracks were measured using trained sur- 
vey crews who walked or drove on the 
pavement. There are two types of driven 
surveys: slow and highway speeds (typi- 
cally 40 to 50 mph). Currently, various 
SHAs use 35-mm film and super VHS 
video to photograph the surface of the 
pavement. The film and videos are then 
viewed on a monitor at an office work- 
station by a trained observer who per- 
forms the distress survey. 

Viewing a film or video at an office 
workstation is safer and more convenient 
than conducting a walking field survey. 
However, pavement management engi- 
neers using walking surveys are able to 
detect more low-severity distresses than 
they can by watching a film or video sur- 
vey because of its limited resolution. 

A number of PMS engineers believe the 
optimum system is a fully automated 
approach that uses the science of pattern 
recognition. This type of system videotapes 
the pavement surface, enhances the images 
using gray scales and pattern recognition, 
and counts the cracks using computer soft- 
ware and algorithms. The obvious advan- 
tages of thistype of system are high-speed 
data processing, safety, labor savings, and 
consistent data. Fully automated systems 
have now been developed, including one by 
the Texas Department of Transportation. 

Pavement management systems provide valuable help in determining costcffcctivc 
strategies for providing and maintaining pavements in serviceable condition. 

Structural Carrying Capacity 
Only a handful of states are currently 
measuring the structural carrying capac- 
ity of their pavements at the network 
level using deflection measurements. Net- 
work-level measurements are not 
intended to have the same degree of accu- 
racy as project design measurements. 
States that collect network-level data haw 
shown them to be good general indicators 
of the overall carrying capacity of the net- 
work. These types of data and analysis 
can flag attention to special situations; for 
example when certain roads appear to 
have less carrying capacity than needed. 
Stationary deflection-measuring devices 
do not lend themselves to network-level 
PMS because the process is slow and 
costly. In the future, PMS will need a 
deflection-measuring device that operates 
at or near highway speeds. The deflection 
measurements obtained from a "rolling 
deflectometer," as it is known, and the 
pavement layer thichcffses obtained from 
the ground-penetrating radar, are used to 
compute the structural carrying capacity 
of the pavement. 

Performance 
Most states have the raw data needed to 
monitor and predict pavement perfor- 
mance, which is typically measured as 
condition or serviceability over a period 
of time. Currently half the states have 
performance curves, one-quarter are in 
the process of developing performance, 
and the remainder are not yet active. 
Excellent off-the-shelf software packages 
that PMS engineers can use for regression 
analysis are available. In the future, these 
software packages, coupled with today's 
high-speed and ever-more-powerful PCs, 
will errable PMS engineers to track and 
predict performance on a "route-specific" 
basis. This capability has already been 
proven and put into,operation in at least 
some SHAs. 

Traffic and Load Data . 
PMS need average daily traffic flow maps 
and equivalent single-axle load (ESAL) 
flow maps on a route-specific basis. Cur- 
rently all SHAs have traffic flow maps. 
However, few SHAs have or can produce 
ESAL flow maps. Most traffic-collection 
procedures are geared toward collecting 

TR News 173, July-August 1994 7 



rrnffic volumes. which are pr~marilv used 
by h~ghway engineers and planners for 
capacity analysis. Until PMS came along, 
there was no need to ,collect traffic data 
for load analys~s on a joute-specific basis. 
Unfortunately for P M ~  engineers, collect- 
ing load data on a route-specific basis is 
more expensive than the exist~ng traffic- 
collection process and it is not known if 
the additional expense (which has not 
been calculated for each state) is justifi- 
able. More study is needed on this topic. 
Many PMS engineers and planners believe 
that better traffic- and load-predic tion 
models are needed. 

Ranking Projects 
The backbone and heirt of a PMS i~ its 
ability to rank in priority order pavement 
preservation projects that are justifiable 
and cost-effective. The most important 
phrase in the new (December 1993) 
FHWA regulation on management sys- 
tems is the requireqent that PMS for 
NHS produce "a prioritized list of recom- 
mended candidate projects with recom- 
mended preservation treatments that span 
single-year and multi-year periods using 
life-cycle cost analysis." Currently most 

. state . PMS do not produce a multiyear 
ranked list of projects with recommended 
treatments using life-cycle cost analysis, 
but are expected to have this capability . . in . 
the future. 

Remaining Service Life 
Determining "remaining service life" is a 
requirement in the new regulation for.  
NHS. Currently only 10 SHAs perform 
this analysis, but in the future it is antic- 
ipated that most will find this an unen- 
cumbered task. It is important to monitor 
the long-range health of a network and 
this analysis enables managers and pro- 
grammers to maintain a "steady state" in 
their multiyear workload and budget. 

Relational Data Base 
A PMS cannot automatically, systemati- 
cally, consistently, and efficiently function 
without a "relational data base" because 
the amount and complexity of data cannot 
be computed miuaually for a typical state 
PMS. Currently half the SHAs have rela- 
tional data bases, onequarter are develop- 

ing them. and the remainder are not active 
at the present time. Given the state-of-the- 
art capabilities in relational data-base 
management systems, it is anticipated that 
most SHAs will have relational data bases 
in the near future. 

Uniformity ' J .  

Currently there is little-to-no uniformity 
among the states in the:way they mea- 
sure, collect, and report..PMS condition 
data. The reason is that a11 states devel- 
oped their PMS independently. This inde- 
pendence, of course, has many advan- 
tages for designing a PMS to meet the 

.needs and objttc:i~tes of any agency. But 
states are at a disadvantage when com- 
municating with each other about basic 
condition information such as roughness, 
rutting, and crackmg. They will find a 
lack of uniformity, which means that they 
cannot communicate or help each other 
to enhance this area of PMS. Efforts are 
under way and accomplishments have 
been made by ASTM and the Road Pro- 
filer Users Group (RPUG) that deserve 
commendation. The other management 
systems such as bridge and safety already 
have national standards for data collec- 
tion and reporting. 

PMS will benefit if the 50 states, 
Puerto Rico, and the District of Columbia 
agree to adopt more uni f:-rm methods to 
collect and report condittc,n gata. Future 
efforts by ASTM; RPUG; Strategic High- 
way Research Program, Long- rerm Pave- 
ment Performance; FHWA; and the 
American Association of State Highway 
and Transportation Officials' Task Force 
on Pavements are aimed in that direction. 

In-House and Outside Resources 
Pavement .management is a procedure 
that includes a wide variety of technical 
components. Some of these require a high 
degree of technical skill to develop and 
implement, whereas others require a high 
concentration of effort to establish. Each 
agency should carefully and objectively 
weigh its in-house capabilities, and if it 
docs not have the resources. it should 
seriously consider seeking assistance from 
a consultant or a university. tn the long 
run, it will save a lot of time and money 
and result in a better final product.. 

Staffing 
The biggest problem the states face in 
developing, implementing, updating, and 
opera tmg a PMS is staffing. There is a sig- 
nificant shortage of people who under- 
stand PMS. Once employees are trained 
and gain some experience, they are often 
promoted or transferred to other jobs. For 
the past five years. the annual turnover 
rate of state PMS engineers has been 
approximately 25 percent. The <[' l i t  

incentives for early retirements have 
fueled that rate in the past two years. Cen- 
erally, most SHAs have onlv one person 
who oversees the management and daily 
operation of the complete P'iIS program. 
and when that person leaves, most often 
the PMS shuts down. This situation 
occurs quite frequently and because of the 
current budget constraints and staffing 
ceilings in most highway agencies, it is not 
likely to improve. Unfortunately there is 
no quick lix to this problem. 

Future Implementation of PMS 

In gauging the future success of imple- 
menting PMS as called for in ISTEA, 
organizations must first decide whether 
they are serious about PMS. If so, and the 
commitment is made to do the work, s u p  
ply the resources, and use the system, 
then PMS use is likely to be successful. 

Students in themation's colleges and 
universities will provide the life blood lor 
PMS in the future. Currently 24 such 
institutions offer courses on PMS, but 
more are needed- FHWA -and SHAs ' 

should support academia in providing 
more education about PMS and other 
management systems. 

The largest institutional obstacle fac- 
ing PMS today is acceptance by all man- 
agers and engineers in all agencies 
(including federal. state, and local). The 
reasons for this are many. The future 
holds more hard work for those who are 
serious about pavement management. 
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of 23 U.SC 134(1)(3) rad 49 US.C rpp. 
td01(iH3) ad th, Of23 

DW 4so. cbr W w m  d 
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compliance schedule for that system as 
specified in subparts B through G of this p Pan- 

(b) % Governor of the State or the 
Commonwealth of Puem Rica or the 
Mayor of the District of Columbia shall 
notify the FHWA Division 
Administrata in writing by September 
30, 1994. of the titlds) of the Certifying 
official(s) for each management system. 
If them is a change in designated 
posrtion(s). the State shall provide 
documentation of the revised 
designation with, or prior to. the next 
annual certification. In those States 
where responsibility far all of tbe 
management systems is within a singk 
agency (e g., State DOT), designatim d 
one certifymg o f f e l  for ail of the 
mana ement rr stems is recommended. 

(c) +he hertihation staternent(s) h U  
be submitted by the certifying of6cid(s) 
to the FHWA Division Admimistrator by 
January I of each yew, beginning 
January 1,1995. To the extent pousibb, 
one certifutian statement rhouM cover 
all six management system. Lf more 
than one certilicatioo statement wi l l  be 
submitted by a State, the statements 
should be abordinatsd a the State level 
and b i t t e d  s i r m u h a n d y .  The fm 
certification stat- sbaU include a 
copy of workpi.dsj, r e q u i d  ia 
accordance with tbe complirnrm 
schedule breach ~lorrpgemed system, 
and a uvna~ry of tbe stat- of 
implementation of the rnsnqment fC1 system(s1. Subsequent certification 
statement(s1 shall include a w ~ m m y  of 
the status of implementation deacb 
management system and discussion d 
planned cofiective actions for any 
management systemIs) ot sub8;ystmn(s) 
that are not under development or fuI1y 
operational in accordance with the 
compliance schedule a d  work phn tot 
the management 

(dl nm 
Administrator Hi!! pruvib copieu of tEe 
certification statement(s) and any 
relevant supporting docummtatbn and 
c o w  lo& Psdsral 
agencies h h t l f i d  kw the qmcific 
s y s l d s )  in 500.103. WPthin 90 &p 
of receipt, th4 F w  q m c h  n'lt 
review the CaikWoa md the M A  
Division Adminis- wfn ndflj dw 
State whether the certifiatiap i s  
acceptabh or if #mdons may be 
imposed in accordance with the 
provisions of S 500.109. 

(el A State shall be consided to be 
implementing the traffic monitaing 
system fa highways ('MSlHl, specified 
in subpart ff of this part. if the system 
is under dsrefopment or in use in 
accoKianar with the compbunce 
schdula fn S W.809. Ihe State &dl 
submifttrewurkphmfortbelUSMto 

the FHWA Divitioo k h h i d r c l ( o r  by 
January 1,1995. 
(The ~nfomaticm cnHscrion requirunsrds in 
para~rapkr kc) 4 k) of 5 500.1 07 kre been 
approred by tbe Office of ;md 
Budget under contml number 21210555. )  

9 500.1 09 Sanctions 
(a) Beginning January 1 .  1995. i f  a 

State fatis to certify annually as required 
by r his regulation, or i f  the Federal 
agencies determine that any 
management system or sthystem. 
speclfied in subparts B through G of this 
part. is not being adequately 
implemented, notwithstanding tbe 
State3 certifkation(sj. the Secretary 
may withhold up to 10 percent of the 
funds apportioned to h e  Sa te  under 
title 23, U.S.C.. and to any recipient of 
assistance under the Federal Transit Act 
for any fiscal year beginning aftw 
September 30.1995. Sanctions may be 
imposed on a statewide basis. aa a 
subarea of a State, for specific categories 
of funds or types of pmjeds, or for 
specific recipients or subrecipients of 
funds under title 23. U.S.C., or under 
the Federal Transit Act &pendiw on 
the adequacy of impfernentation of the 
mafi~h"i;;:sgmns. 

ate may enter into 
agmments with local governments or 
other agencies to develo . establish. Md 
implement all or parts orthe 
management systems, in accardancr 
with 5 500.1051g). the State sWI be 
responsible kw ensuring that th 
systems are being implementad 
statewide and for Uing any n e u m q  
correclive action, ind- 
implementing the systems at the 

nal and local hvels ifnqmsary. T Prior to imposing a samtma a 
State wilt be notilied in writing by tbr 
FHWA of the sanctiods] to be impoosd 
the reasons h r  the sanctions. and the 
actions necessary to corred the 
deficiencies. ARer 60 days hm tho b t e  
of notifidon to the Sate, thib Federal 
agencies will consider my conactive 
actions proposed by the Stab and the 
FHWA wilt noti@ the Stde if such 
actions an, rcaeplable or ifsarr.tiano am 
to be apqtled 

(d) in ~mtmces where r State. or 
responsible subunit  ol r State or 
recipient of tancis under the Federal 
Transit Act, has not fully implerrraated 

mmt ayftePPI, g.".IZ&= b by tb 
Fedrat a p d u  to ~ W B  a n d m  or 
phIlUd &8 th0 f d y  
optnational within a masonable time 
period. 

(e)TobeexhmktbrthyhPrrnnot 
lapsal.bard.rr#hh.ldpasrabt)aWa 
subpartrhrlt bs mado d b f e  to tbs 
State or recipient u& the kid 

Trawit Ad upon a determination by the 
Fedenf agmdcs that the wnogement 
systems aas being adequatdy 
implemented. 

9 500.1 11 Funds lor d.vrk9lb.rrf 
est8bll.hmenC md I ~ t r t i o n  of t)w 
systowm. 

(a) The foIIowing categories of funds 
may be used for development, 
estabtishment, and implementation of 
any of the management and monitoring 
systems: Nationaf Highway System. 
Surface Transportation Program, FHWA 
State planning and research and 
metropolitan planning funds (including 
the optional use of minimum allocatbon 
funds authorized under 23 U.S.C. 157(c] 
for carrying out the provisions of 23 
U.S.C. 307(c)(l) and 23 U.S.C. 134(aL), 
Federal Transit Act Section 8 (49 U.S.C. 
app. 1607). Federal Transit Act Section 
9 (49  US.C app. 1607a). F e b l  Transit 
Act Section 26(a)(2) 149 U.S.C. app. 
1622(a)(2)), and Federal Transit Act 
Section 26(b)(l) (49 U.S.C. rpp. 
162abWl)L Congestioa Mitigation and 
Air Qudity lmproroement Rogrrrn funds 
(23 U S  101(b)(21) may be d fm 
those mmqpment s y l ~ ~ # n s  tbat aw be 
shown to mmtribute to the attunmen! d 
a national a d i a t  air quality standard. 
Apportioned btidgs fumds (23 U.SC. 
144(e)) may be used 101 deve1opll)snt 
and establishment of the bridge 
management system. 

(b) P d e m l  h d s  identified in 
p-h (e) of this section used far 
develop~ent.  ostabihbment. or 
implementation of the menapment and 
moni tdng systems shall be 
administered in d m  with the 
procedures and rsquinements r p p l i c u h  
to ths  a q p y  of Fun&. 

s500.w -0tad8ung 
-rry.traw 

(a) Existing SW, laws. r t b ,  a 
procod- t& Lb, F d e r a l  agencies 
determine h U i U  t h  p u v  of a 
maDqpmahsycbaa.orparlioatbwwt. 
as specified in this p.rt may b sccepbd 
by the FebwrJ a p a c h  in Lieu of 
developmeat and implsmsn$&cm d a 
new system. 

(b)IfaSabbameristingIrrwr,nr)a, 
or p r o c e d w  lhpt it ,wants t o  usm to - 
meet the requirements of this par(. at 
shall submit a written q u e s t  to the 
FHWA DWsbn Adminisbdar that the 
Federd cgnciw .oaept the d s t i q ~  
m a n a m  s y s M ~  in I # u  of 
developmat oll a mew r;prt.nt. l b  
request shall include a discussion. d 

n e c e s r y  
d o c u r l l h V Z S b r b  
existing s- nr# th. ~ i ~ ~ s  
o f t h h p r t , m d a o r r a r r - M l  
reflecttk. i .V.d6.U#k.brnri l  
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operators, and other affected agencies. 
as appropriate, and the actions to be 
taken to assure that the cooperation 
required under 500.105Ic) is 
established. 

(c) Upon receipt of a request, the 
FHWA Division Administrator will 
coordinate review of the request with 
the other Federal agencies specified in 
$500.103 and with appropriate FHWA 
offices. Within 90 days of receipt of the 
State's request, the FHWA will notify 
the State that the existing system is 
el t her fully acceptable, acceptable 
subject to specific modifications, or 
unacceptable and that a new system 
must be developed. 

(d) To meet the compliance schedule 
for a system, the State must submit any 
requests under paragraph (a) of this 
section no later than June 1. 1994. 

Subpart B-Pavement Management 
System 

§500.201 Purpose. 
The purpose of this subpart is to set 

forth requirements for development. 
establishment. implementation, and 
continued operation of a pavement 
management system (PMS) for Federal- 
aid highways in each State in 
accordance with the provisions of 23 
U.S.C. 303 and subpart A of this part. 

5 500.203 PMS ddlnition8. 
Unless otherwise specified in this 

part. the definitions in 23 U.S.C. 101(a) 
and !j 500.103 are applicable to this 
subpart. As used in this part: 

Pavement design means a project 
level activity where detailed 
engineering and economic 
considerations are given to alternative 
combinations of subbase. base, and 
surface materials which will provide 
adequate load carrying capacity. Factors 
which are considered includw 
materials. traffic, climate, maintenance, 
drainage, and lifscycle costs. 

Pavement management Sysrm (-1 
means a systematic process that 
provides. analyzes. and summarim 
pavement information for use in 
selecting and implementing cost- 
effective pavement -on, 
rehabilitation, and iarintmmce 
programs. . .. 
9-- - g l c w r J v  

(a) Each State shall have a PHS for 
Federal-aid highways tM meets the 
requirements off 500.207 of this 
subpart. 

(b) The State is n~qmnsible for 
assuring that dl Federalaid highways 
in the State, except thom that ars 
federally owned, am covered by a PMS. 
Coverage of fderaily awnad public 

roads shall be determined cooperatively - 
by the State. the FHWA, and the 
agencies that own the roads. 

(c) PMSS should be based on the 
concepts described in the "AASHTO 
Guidelines for Pavement Management 
Systems." 1 

(d)  Pavements shall be designed to 
accommodate current and predicted 
traffic needs in a safe, durable, and cost- 
effective manner. 

5 500.207 PMS comgocrmts. 
(a) The PMS for the National Highway 

System (NHS) shall, as a minimum. 
consist of the following components: 

(1) Data collection and management. 
( i )  An inventory of physical pavement 

features including the number of lanes, 
length, width. surface type, functional 
classification, and shoulder information. 

(ii) A history of project dates and 
types of construct ion, reconstruction. 
rehabilitation, and preventive 
maintenance. 

(iii) Condition surveys that include 
ride, distress, rutting. and surface 
friction. 

(iv) Traffic information including 
volumes, classification, and load data. 

(v) A data base that links all data files 
related to the PMS. The data base shall 
be the source of pavement related 
information reported to €he FHWA for 
the HPMS in accordance with the HPMS 
Field Manual.2 

(2) Analyses, at a Frequency 
established by the State consistent with 
its PMS objectives. 

(i) A pavement condition analysis that 
includes ride, distress, rutting, and 
surface friction. 

(ii) A pavement performance analysis 
that includes an estimate of present and 
predicted performance of specific 
pavement types and an estimate of the 
remaining service life of all pavements 
on the network. 

(iii) An investment analysfs that 
includes: 

(A) A network-level analysis that 
estimates total costs for present and 
proiectd conditions across the network. 

(B) A p r o m  level analysis that 
determiner investment strategies - 
including a prioritized list of 
recommended candidate projects with 

U. 

a Highway Pafamraa Monitoriq Syrt ra  
(HPMS) i b k l  b u d  h tb. Caadauing A ~ l ~ i a t  
U I ~  SUrlrtial D.U Bwc DOtlPHWA* -30. 
1seO. (PHWA Ordr U.um1BI AWl.blr br 
h ~ w @ ~ * u ~ k d I n 4 9 c E ' R  

7 . a a n a d f r ~ .  

recommended preservation treatments 
that span single-year and multi-year 
periods using life-cycle cost analysis. 
(C) Appropriate horizons, as 

determined by the State. for these 
investment analyses. 

(iv) For appropriate sections. an 
engineering analysis that includes the 
evaluation of design, construction, 
rehabilitation. materials, mix designs, 
and preventive maintenance as they 
relate to the performance of pavements. 

(31 Update. The PMS shall be 
evaluated annually. based on the 
agency's current policies. engineering 
criteria. practices, and experience. and 
updated as necessary. 
(b) The PMS for Federal-aid highways 

that am not on the NHS shall be 
modeled on the components described 
in paragraph (a] of this section. but may 
be tailored to meet State and local 
needs. These components shall 
incorporate the use of the international 
roughness index or the pavement 
serviceability rating data as specified in 
Chapter IV of the HPMS Field Manual. 

(a) By October 1, 1994, the State shall 
develop a work plan that identifies 
major activities and responsibilities and 
includes a schedule that demonstrates 
full o ration and use of the PMS on the 
NHS October 1.1995, and on hon- 
NHS Federal-aid highways by October 
1,1997. 
(b) By October 1.1995: 
(1) The PMS for the NHS shall be 

fully operational and shall provide 
projects and programs for consideration 
in developing metropolitan and 
statewide transportation plans and ' 
improvement pFograms; and 

(2) PMS design for non-NHS Federal- 
aid highways shall be completed or 
underway in accordance with the State's 
work plan. 

(c) By October 1,1997. the PMS for 
non-NHS Federal-aid highways shall be 
fully operational and shall provide 
projects and programs for consideration 
in developing metropolitea and 
statewide transportation pian8 .ad 
improvement p v .  
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FOREWORD 
The Smtgk Highway Research Program (SHRP) was conceived and 
funtkd by State highway departments as a means of developing new 
technologks for designing and maintaining longer-lasting, safer road- 
ways. During the 5-year program, expens in materials, construction, 
maintenance, tnffic operations, and other areas focused on develop- . 

h g  better ways of building and maintaining roads and bridges. 
The research program ended in 1993. Since then, the Federal High- 

way Administration (FHWA), the American Association of State High- 
way and 'Ransportation Officials (MSHTO), and the Transportation 
Research Board (TRB) have been working with highway agencies and 
industry on the implementation of SHRP products. This Status Report, 
which is published periodically, summarizes the activities and projects 
currently under way for implementing the products of the Strategic 
Highway Research Program. 

If you are familiar with the SHRP technologies and have foilowed 
the development of the implementation activities, the information in 
the Status Repa gets right to the heart of the subject. Hawever, if you 

r' are not quire so fmifiar with the subject, the Status Report may actu- 
ally generate more questions. In those cases where the "bridge" is not 
complete, we encourage you to pick up the telephone and contact the 
chairman or secretary of the appropriate technical working group for 
additional information. 

The strategic plan for SHRP implementation is described in the 
Implementation Plan-SHRPProducts (June 1993, FHWA-SA-93-054). 
The plan describes the internel and external organizational structure, 
partners and partnerships, purposes, roies, and the implementation 
mechanisms and support functions that are used to accomplish the 
program. The pian provides the framework under which the pamer- 
ships function in developing the detailed product implementation 
plans. 

FHWA provides several sources of information and assistance with 
SHRP products, including the following: 

Pooled-fund purchases of new test equipment. 
T m  and evaluation projects. 
Tiaining, equipment demonstrations, w o ~ h o p s ,  and exhibits. 
SHRP Information Clearinghouse, a computerized, on-line source 
of information on F W W ?  SHRP implementation activities. 
I;ocus, a monthly newsletter reporting on State, Federal, and in- 
dustry initiatives for implementing SHRP products. 

kchnical Working 
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Assisting in the development of the overall strategy for SHRP imple- 
mentation is the Transportation Research Board's SHRP Committee. 
The committee, composed of top-level managers from industry, State 
highway agencies, academia, and FHWA, provides oversight to the long- 
term pavement performance studies and serves as a sounding board 
for ideas for overcoming institutional barriers to SHRP implementa- 
tion. 

Each State and FHWA regional and division office has designated 
a SHRP implementation coordinator. So that these coordinators can 
benefit from each others' experiences, FHWA holds a coordinators 
meeting each January in Washington, D.C. 

The technical working groups and their subgroups, known as ex- 
pert task groups, are key players in shaping the scope, structure, and 
content of the SHRP implementation program. 

The AASHTO Task Force on SHRP Implementation, chaired by 
BobbieTempleton of theTexas Department o~ransportation, provides 
coordination and guidance to States in implementing SHRP products. 

With local governments responsible for more than 70 percent of 
our Nation's roads and streets, local highway organizations are prime 
candidates for implementing SHRP products. FHWA has contracted 
with Hibbs Highway Engineering Services to assist the LocalTechnical 
Assistance Program (LTAP) centers with the delivery of SHRP products 
to local governments. Toward that end, Hibbs provides the LWP cen- 
ters with news articles, technical materials, product exhibits, loaner 
equipment, and training packages geared to the needs of local high- 
way agencies. 

SHRP Product knpkmentation Status Report December 1995 



Asphalt uesATE 

FHWA continues its outreach program to inform the high- 
way community about the Superpave system, which was the 
primary product of the SHRP asphalt research program. 

A new brochure, 'The Superpave System: NewTools for De- 
signing and Building More Durable Asphalt Pavements," pro- 
vides an werview of the Superpave system and a list of resourc- 
es for additional information. The brochure (Publication 
Number FHWA-SA-96-0 10) is available from FHWA's Reports 
Distribution Center (telephone: 703-285-2144, fax: 703-285- 
2919). 

The Superpave system was also the theme of the October 
1995 issue of the Asphalt Contractor. FHWA provided several 
articles for the issue: 

User-Producer Groups Set the Stage for Superpave 
Team Refining Superpave Software 
States Move Forward on Superpave 
Superpave Straight Talk 
Superpave % a d s  a Rocky Road to Implementation 

A new videotape on the Superpave volumetric mix design pro- 
cedures, produced jointly by FHWA and the National Asphalt 
Pavement Association, will be available in January 1996. 

Superpave was very much on the agenda of the recent an- 
nual meeting of the American Association of State Highway and 
Tkansportation Officials Augmenting the many presentations 
and committee meetings on Superpave was FHWh mobile Su- 
perpave laboratory, which was parked outside the meeting site 
to allow participants a hands-on look at the new test devices. 

Binder Test Equipment 
Testing asphalt binders for conformance with the Superpave 
binder spcd&adon requhs 5 e  principal pieces of equipment: 

Pnssure aging vessel, to simulate in-service aging of the 
binder; 
Rotational viscometer, to determine the flow characteristics 
of the binder; 
Bending beam rheometer, to measure the binder's low-tem- 
perature stiffness; 
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Dynamic shear rheometer, to measure the binder's stiffness 
and phase angle at intermediate and high temperatures: 
Direct tension tester, to measure the low-temperature ten- 
sile and fracture properties. 

All Statem now have the pressure aging vessel, rotational 
viscometer, bending beam rheometer, and dynamic shear rhe- 
ometer. These devices were obtained through a pooled- fund 
purchase coordinated by FHWk 

In addition, FHWA has loaned a full set of the binder test 
equipment to each of the five regional asphalt user-producer 
groups. This equipment will be used both for aaining engineers 
and technicians and for testing asphalt binder samples pmvid- 
ed by State departments of transportation and others. 

The prototype for the third generation of the direct tension 
tester, the final piece of necessary binder equipment, is currently 
undergoing testing and evaluation at FHWA's Timer-Fairbank 
Highway Research Center (TFHRC). Once this evaluation is com- 
plete and necessary changes have been made, FHWA will pur- 
chase up to five additional units and loan them to the regional 
user-producer groups (UPGs) for ruggedness testing. The 
pooled-fund procurement for the States is expected to begin in 
late 1996. 

Superpave Volumetric Mix Design 
' 

The Superpave mix design system is based on volumetric pro- 
portioning of the asphalt and aggregate materials and labora- 
tory compactio~ of trial mixes using the Superpave gyratory 
compactor. AU 50 States, as well as Puerto Rico and the District 
of Columbia, have received the Superpave gyratory compactor 
as part of the pooled-fund purchase. 

The Superpave system also includes mix analysis procedures 
for predicting how well a mix will perform in the field. These 
procedures are intended for mixes that will be placed in pave- 
ments with very high naffic volumes and loads. 'Ilvo new, so- 
phisticated pieces of laboratory equipment-the Superpave 
shear tester and the indirect tensile tester-provide the data 
needed for the performance models. 

A prototype of the Superpave shear tester is currently being 
evaluated at theTFHRC and by the five Superpave mgional cen- 
ters (Alabama, Indiana, PeMsyivania, Nevada, and Texas). Be- 
cause of the high cost and complexity of the device, highway 
agencies and contractors have expressed interest in a simpli- 
fied version that would perform only the shear test (no and -  
lary tests) and would not require a pressure chamber. Once the 
evaluation of the full-scale Superpave shear tester is complete, 
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f-' FHW" will look into developing a simplified, less costly version. 
The first-article indirect tensile tester was delivered to the 

TFHRC in July 1995. It is now undergoing testing and evalua- 
tion. 

Training Programs 
Since 1993, the Asphalt Institute has, under contract with FHWA, 
ofkred Superpave training courses and technical assistance to 
State departments of transportation, paving contractors, asphalt 
suppliers, and others. The Institute's National Asphalt 'Raining 
Center, located in Lexington, Kentucky, has held sixteen 1 - m k  
courses in binder testing, drawing 290 participants. The center 
has also taught fourteen 1-week courses in mix design to 275 
engineers and technicians. 

FHWA recently awarded the Asphalt Institute a cbntract for 
the second phase of Superpave training. Over the next 3 years, 
the National Asphalt Tkaining Center will provide additional lab- 
oratory training in the areas of mix design and pavement per- 
formance prediction. The center will also work with the Super- 
pave regional centers to provide local on-site training, technical 
assistance, and workshops. 

MO trainins manuals developed for the courses, Superpow 
Perfomnce-Grrrdad Asphalt Binder Specification and Testing 
(Publication No. SP-1) and Superpam kvel l  Mix Design (Pub- 
lication No. SP-2), are available f r ~ m  the Asphalt Institute. 

Mobile Asphalt Laboratories 
FHWA now has two mobile asphalt laboratories The laborato- 
ries are staffed with skilled technicians who provide assistance 
and trajning in Superpave volumetric mb design and quality 
controllquality ammnce at construction sites across the coun- 
try. The mobile laboratories are each equipped with a Super- 
pave gyratory compactor and are used to demonstrate the prin- 
ciples of Superpave volumetric mix design. 

This year, the labs have provided assistance at a dozen job 
sites, including m mended evaluation at FHW& new test track, 
wesmck. 

The Superpave software and performance models am currently 
being ref!ined in response to evaluations by FHWA and its con- 
tractors, as well as a select group of field testers. 

The first version of the software will be demonstrated at 



Asphalt User- 
Roducer Groups 
Northeast Asphatt Ucer- 
Producer (;row 
Frank Fee 
Telephone: 6094288808 
Fax: 609-96341 11 

Southeast Asphait User- 
Producer Group 
Paul Kfugter 
Telephone: 5 1 2-465-7632 
Fax: 5 12-302-221 5 

North Central Asphalt User- 
Producer Group 
Dick hgberg 
Telephone: 6 1 2-942-3066 
Fa: 61 2-942-3059 

Rocky Mountain User- 
Producer Group 
Bobw 
Telqhm:  30379W972 
Fax 303-794-5205 

FHWA's technology fair of SHRP products. which will be held in 
conjunction with the Transportation Research Board annual 
meeting in Washington, D.C., in January 1996. 
FHWA has contracted with the University of Maryland to 

refine and manage the software, particularly the performance 
models. 

Test Tracks 
The Superpave system is currently being tested and validated 
through a variety of experimental projects. These indude the 
new WesRack facility, located at the Nevada Automotive Test 
Center. The track features 26 hot-mix asphalt pavement test sec- 
tions. The performance of the various test sections will be eval- 
uated against the Superpave performance prediction models. 

FHWA is also collecting performance data, using two accel- 
erated loading facility machines at the TFHRC, to validate the 
Superpave asphalt binder and mixture specifications. 

Regional Coordination and Training 
The asphalt user-producer groups continue to play a key role in 
developing and facilitating the implementation of the Super- 
pave system. They have outlined a sensible, well-planned strat- 
egy for adopting the Superpave system on a regional basis. 

Superpave centers have been established in each of the five 
a asphalt us'er-producer group regions. The centers, operated 

jointly by universities and State departments of transportation, 
will conduct a thorough and coordinated shakedown of the pro- 
cedures used with the Superpave shear test and indirect tensile 
test. They will also provide training on a regional basis. 

New Logo Emphasizes Partnerships 
To emphasize the partnerships involved in implementing the 
Superpave system. FHWA recently introduced a new Superpave 
logo. The logo shows the 
principal partners in the Su- 
perpave implementation 
program-namely, the 
American Association of 
State Highway andTranspor- 
tation Officials, the highway 
industry, and FHWA. "Super- 
pave 2 0 0 "  sigrufies the -target date for nationwide implemen- . 
tation of the Superpave mix design procedures. 

-, 
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Concrete and Structures (I[PDATE 

Showcase workshops, conducted on a regional basis, are one of 
the principal means of conveying information about the SHRP 
products for improving construction and maintenance practices 
for conciete pavements and structures. Each workshop features 
hands-on training and classroom learning on a group of related 
SHRP products. In some cases, technical assistance and loaner 
equipment are available to State highway agencies. After each 
workshop, participants from State highway agencies, industry, 
and FHWA meet to discuss how the technologies can be imple- 
mented on a regional basis. 

Showcase workshops are available or planned in the follow- 
ing six topic areas: 

Alkali- Silica Reactivity (ASR) 
Concrete Durability 
Assessment of the Physical Condition of Reinforced Con- 
crete Structures 
Methodologies for Reinforced Concrete Removal, Repair, 
Protection, and Rehabilitation 
Electrochemical Chloride Extradon 
High-Performance Concrete for Bridges and High-Perfor- 
mance Rigid Pavements 

The pilot concrete durability showcase workshop was held June 
27-28, 1995, in Arlington, Virginia. Presented by Construction 
Technologies Laboratories (a), the course introduced partic- 
ipants to a number of devices and procedures for evaluating the 
durability of concrete. The workshop covered five main topics: 

Parmeabiuty 
Freeze-thaw resistance 
Quautyamtroi 
Nondestructive testing 
Expert systems 

Techniques discwed included the impact-echo method for 
measuring concrete thickness and locating defects, the micro- 
wave oven drying method for determining water content, and 
the hydraulic fracture test. FHWA will begin holding concrete 
durability workshops on a regional basis in April 1996. 

Eight ASR sh&case workshops were held in 1995. These 
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Showcase 
Workdoln 
Alkalisilica R m  
The 3day mxlcshoQ features 
scvtldSHRQproductsfor 
datsc ( inea ikakkam 
'& (AS?) in amntc in the 
fieid and in tk laboratory. In 
&des handsocr trainmg in 
ldanMyno ASR Target a& 
ence: maWials enginms in 
highway departments and 
industry. 

N u c t m : w ,  
Quebec, Apd 1618,1996. 

Contact: Roger Sudahl, 
202-3661 563 (fax: 202- 
366-998 1 ; mai l :  rsurdahl 
@mtergate.dotgov). 

Concrete OurabiMy 
Covers freezethaw dur abili 
ty, concrete permeability, 
and nondestructwe tesbng of 
concrete. Target audience: 
materiais and research engi- 
neers and technicians. 

schedule: workshops wtil 
commence in Aprii 1996. 

Contact: Gary C d d ,  
202-366-1 286 (fax: 202- 
3667909; emair: gaawrwd 
@intwgate.ddgov). 

Featues cwsion c h c t b  
detkes, radar units, and rap 
id chloride test kits and em 
*sizes using these daric- 
es to evaluate bare and 
cowndm.m&w. 
dience: bridge and amtruc- 
tion engbefs and tech& 
c h s .  

Schhduk:rtrepiktshow 
c a s e i s d s r r t a t i v c l y ~  
for Mach 1996. 

canta&Ikrra#-, 
202-366-6770 (fax: 202- 
3667903; d: disdrson 
8pintergate.cbtgavf. 

workshops are designed to give pmicipants hands-on training 
in identifying and mitigating the effects of ASR-induced deteri- 
crration in ponland cement concrete. The next workshop is 
scheduled for April 1996 in Montreal, Quebec. 

Pilot workshops for the showcases on assessing the physi- 
cal condition of concrete s m  and repaking, protecting, 
and rehabilitating concrete structures will be held in spring 
1996.The two showcases will run back-to-back during the same 
week, to make it possible for more engineers and technicians to 
attend. 

'MI ground- penetrating radar units for bridge deck d u a -  
tions have been ordered for use in both the workshops and field 
corrosion activities. The equipment is due to be delivered in the 
spring of 1996. 

Three pilot electrochemical chloride extraction (ECE) 
projects have been installed: a bridge deck in Arlington.Voirgin- 
ia, and bridge columns and piers in Charlottesville.Via, and 
Sioux City, South Dakota. ECE is a promising technique for re- 
moving chloride ions from reinforced concrete structures. thus 
slowing deterioration. The pilot projects are designed to pro- 
vide more information on the results of the ECE process, includ- 
ing how long a treatment can be expected to last and under what 
conditions ECE treatment is advised. 

Open houses held at the pilot projects attracted a diverse 
group of attendees from State and Federal governments, pri- 
vate industry, and academia 

The pilot workshop on ECE was held in Arlington, Virginia. 
in July 1995. A field trip to the Arlington bridge project was in- 
cluded as part of the workshop. 

Equipment Evaluations 
Field evaluations of the impact-echo device are under way The 
devices have been loaned to the highway departments in Wis- 
consin, NewYork, Iowa, California, South Dakota, Missouri,Vir- 
ginia, Texas, Mississippi. West Virginia, New Jersey, Nevada. 
North Carolina, Massachusetts, and Pennsyivania, as well as the 
University of Washington and the University of Texas. In addi- 
tion, Kansas, South Dakota, Indiana, and the University of Lou- 
isville have each purchased the equipment. 

Initial evaluation reports of the device have been turned in 
by Missouri. Wisconsin, West V i a .  and V i a .  Usen have 
reported difficulties in taking measurements and interpreting 
data with the device and have recommended additional retwarch 
and development The biggest problem they encountered was 
measuring the pavement thickness within the desired accuracy 
of i5 mm; results to date have been in the range of &13 mm. To 
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P 
address this problem, FHWA has begun testing a new produc- 
tion unit that allows users to measure pavement thickness more 
accurately ( ~ 4  mm). 

Five small hydraulic fracture test chambers have been pur- 
chased for round-robin testing.The units have ken sent to Ken- 
tucb, Iowa, Missouri, North Dakota, and Maryland. 

Additional air permeability test devices have also been pur- 
chased, bringing the total available for loans to five. To date, the 
equipment has been loaned to Florida, New Jersey, Nevada, Ar- 
kansas, Missouri, the University of Nebraska, theVirginia'Ihns- 
portation Research Council, and South Dakota. 

High-Performance Concrete 
Officials from FHWA and the American Association of State 
Highway and Transportation Officials, together with represen- 
tatives &om private contractors and consulting agencies, recent- 
ly toured the Northumberland Strait Crossing Project in Prince 
Edward Island, Canada. They met with Canadian officials and 
had an opportunity for a b t -hand look at the bridge that is 
being built with high-performance concrete (HPC). 

The first HPC for bridges showcase workshop will be held 
March 25-27, 1996, in Houston, Texas. It will cover the advan- 
tages and disadvantages of high-performance concrete, mix 
proportioning, structural design considerations, and evaluation 
of bridge component performance. 

There are currently five HPC bridge projects being con- 
structed in four States: Texas (2 bridges) ,Virginia, Nebraska, and 
New Hampshire. The projects are funded jointly by the Office of 
Technology Applications, the Oface of Engineering R&D, the 
Office of Advanced Research, and the participating States. In ad- 
dition, 10 States (California, Georgia, Iowa, Massachusetts. Min- 
nesota New York, Ohio, Pennsylvania, Texas, and Washington) 
have pooled a portion of their research funds to help Bnance 
two of the projects. projects. Seven more HPC for bridges 
projects have been proposed by Georgia, Colorado, Ohio. Wash- 
ington, North Carolina, Nevada, and Indiana 

FHWA b making arrangements to host an international HPC 
confcnna in 1997. 

Members of the expert task group (ETG) on high-mar- 
mane rigid pavements (HPRP) held their first meeting in April 
1995. As a result of their discussbs, FHWA, through its region- 
al osces, has invited State highway agencies to submit propos- 
als for modifying or dweioping concrete paving projects to in- 
corporate high-performance features. 

- -  
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Highway OperationsUPDATIE 
Pavement Preventive Maintenance 
More than 100 persons attended the May 1995 pilot showcase 
workshop on pavement preventive maintenance, held in Den- 
ver, Colorado. Designed for pavement, construction, and main- 
tenance engjneers, the workshop covered preventive treatments 
for both hot-mix asphalt and portland cement concrete pave- 
ments. 

Regional workshops are tentatively scheduled to begin in 
early 1996. Workshop leaders will explain and demonstrate 
promising treatments that have been found to extend pavement 
service life. Test and evaluation plans for preventive mainte- 
nance treatments will be developed, and technical assistance 
will be provided to those State highway agencies participating 
in the evaluations. 

Innovative Pavement Maintenance 
The pilot showcase workshop on innovative pavement effective- 
ness was held in August 1995 inWashington, D.C. The workshop 
covered the four.maintenance areas studied under SHRP: 

pothole repair in asphalt concrete pavements, 
crack sealing and filling in asphalt concrete pavements, 
spa11 repair in portland cement concrete pavements, and 
joint resealing in portland cement concrete pavements. 

The workshop was divided into six sessions. The first two ses- 
sions were aimed at upper management and emphasized the 
importance of pavement maintenance to a sound pavement 
management strategy. The other sessions were geared for main- 
tenance engineers and provided more detailed information. 

Regional workshops are scheduled to begin eariy in 1996. 

Snow and Ice Technology 
FHWA recently wrapped up its 2-year anti-icing test and d u -  
ation project (T&E Project 28). The study, which consisted of 
extensive field testing of various anti-icing technologies, cul- 
minated in a symposium in Estes Park, Colorado, in October 

- - 
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1995. The symposium drew more than 200 maintenance en@- 
neen and managers from State and local highway agencies, ac- 
ademia, consultants, suppliers, and manufactureri. The 15 State 
highway agencies that participated in the study reported the 
strategies they used and the benefits they gained The contrac- 
tor for the project, the U.S. Army Corps of Engineers Cold Re- 
gions Research and Engineering Laboratory (CRREX,), summa- 
rized the overall thihgs and described the method010gies used 
in the study. 

BaKd on data collected in the study, CRREL has developed 
a guidance manual for anti-icing operations under a variety of 
s t o q  conditions. Highway agencies will be able to use the man- 
ual to develop their own localized anti-icing strategies. A draft 
of the manual was distributed at the Colorado symposium, and 
a final version is expected in early 1996. . 

Beginning in 1996. FHWA will conduct a series of 2-day re- 
gional workshops to showcase the snow and ice technologies. 
In addition to anti-icing strategies and technologies, the work- 
shops will cover 

methods for evaluating chemical deicers, 
ice &bonding, 
road weather information systems, 
customized weather prediction, 
snow drift control, 
snawpiow cutting edge, 
snowplo~ design, and 
snowplwscoop. 

FHWA is currently seeking participants for five test antl walua- 
tion projects: 

Anti- i c inwo evaluate how well spreader equipment distrib- 
utes a finely graded salt prewetted with a liquid chemical. 
Road weather lnfonnation systems-to determine the inte- 
gration and intemperability between systems from different 
vendors and to establish a standard protocol. 
Road weather information systems-to test and evaluate 
snow and ice control management systems that are based on 
road weather errnation systems. 

* Cutting edge+to evaluate a plow blade coated with a high 
cobalt grade of tungsten carbide to resist wear from shock 
Plow design-to evaluate a plow that combines the SHRP- 
developed cutting edge, snowplow scoop, and moldboard 

- design. 

-- - 
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Work Zone Safety Devices 

Work zone Safety 
h h u r a  
Highway work zones are dm 
gerous places. The need to 
perform cmaJ road repairs 
often conffits with the need 
to rnamtain traffic flow, lea& 
ing to increased potential for 
work tom accidents. The 
SHRP work zone safety d t  
vices were designed to a& 
dress these ogposmg needs. 

TheSHRPwwkzorresafe 
ty devices are described and 
portrayed in an FHWA bm 
c h m , b m o m t k ~ e s ~  
Safer Zones. The km 
chum covers the flashing 
stop/- pa-, OoctaMe 
runMe strig, p a r b k  aU=?ef- 
rain sign and stand, dinction 
indicat# bdmcada, 0~00s 
ingtrafklanediuidef,~ 
sicm ahwm, mnotdy driven 
~ , O o r t a b l a c f a ~ c u s C ,  
ion, tnrcknourtGd auerM- 
tor for salt-sgnsders, snd 
queut-• 

To-aTm --,- qucs 
Jenkins at 202-366-8025 
(fax .. . 202-366.7909; . emait: 
-ate.dot.gov). 

Since 1992, the SHRP work zone safety devices have been dis- 
played at 41 major events, including such recent ones as the 
Texas Municipal League 1995 Convention and the 1995 annual 
meeting of the American Association of State Highway and 
Transportation Officials. Each FHWA region and most Local 
Technical Assistance Program (LEAP) centers have received a full 
set of the safety devices, allowing the devices to be shown at 
many regional and local events. To make it easier for the regions 
and LIAP centers to demonstrate the SHRP products to local 
and State highway agencies, FHWA has provided utility trailers 
that can easily store and transport the entire complement of 
work zone safety devices. 
FHWA is encouraging highway agencies to try out the prod- 

ucts in actual field applications. Technical assistance and fund- 
ing support have been provided to participating States. 

Availability of Devices 
Seven work zone safety devices are now commercially available.' 

Five companies currently manufacture intrusion alarms. 
The Safety Line Infrared Alarm (ASTI Transportation Systems. 
Newark, Delaware) consists of an infrared transmission unit 
housed in a traffic cone; the alarm unit is housed in a second 
cone. It provides both longitudinal and transverse detec tion. 

The Safety Sentinel Microwave Alarm (Traffic Management 
Systems Corporation, St. Louis, Missouri) is a two-unit system 
housed in plastic drums. Solar cells are mounted on top of the 
drums to recharge the batteries as needed. The system uses a 
microwave beam to provide longitudinal detection. It also in- 
cludes a drone radar transmitter that sets off radar detectors in 
vehicles within 600 meters of the unit, helping to slow approach- 
ing m c .  

The Model 10 two-unit intrusion alarm (Safe Lite System, 
Newtown. Pennsylvania) runs on rechargeable batteries and 
uses a radio communications Idcage between the units. A pneu- 
matic tube laid on the pavement is used to detect intruding ve- 
hicles and provides transverse detection at the lane closure. 

The intrusion alarm manufactured by the Columbia Safety 
Sign Company (Woodland, Washington) also uses a pneumatic 
tube to detect intruding vehicles. 

The Watchdog (Kenco International, Ligonier, PePennsyhrania) 
consists of a series of pneumatic hoses hard-wired to the alarm 
unit. 

7'he U.S. Government dois not endorse products or manufacntnn. 'Ihdc or manu- 
facturers' names appear herein solely because thy are considered cssentid to the ob- 
ject of this report. 
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Impact Recovery Systems (San Antonio, Texas), Flexs take, 
Inc. (Ft. Meyers, Florida), and Flasher Handling Corporation 
(Depew, New York) currently manufacture the opposing traffic 
I- &rider. AU three products feature a similar two-arrow face 
design, with the maln Merence between the thne being the 
support systems for returning the divider to an upright posi- 
tion when hit. 

Three companies currently manufacture devices that meet 
the basic criteria for SHRP's diFection indicator barricade. The 
product fkomW industries, Inc, (Villa Park Illinois) has a hor- 
izontal arrow on a type I1 bamcade, while Flasher Handling 
Corporation (Depew, NewYork) and Carsonite, Inc. (Carson City, 
Nevada) place the sign panels on a support with a weighted base. 
The device's primayy objective is to provide guidance during lane 
ciosures. Currently, the barricade is still considered experimen- 
tal and thus requires permission £room FHWA for use. 

Poly Enterprise (Monrovia. California) has produced a mold- 
ed version of the portable rumble strip using - and recy- 
cled plastic in place of the neoprene laminated version devel- 
oped by SHRI! The nunble strip works best under low speed 
traffic conditions; under high traffic speeds or heavy truck vol- 
ume, the strip is subject to rotation and movement. 

The original SHRP-designed flashing stoptslow paddle is 

f l  cumntly being produced by a Canadian fum, Detronics, and 
distributed by Graham-Migletz, Inc. (Independence, Mbsouri) . 
In addition, Columbia Safety Sign Corporation (Woodland, 
Washington), Action Wesi [Kelso, Washington), AIC Enterprise 
(Vanccwver, Washington). Medhc, Inc. (La Center, W~hington) , 
and Brittney Safety Sign (Copper Country Safety Sal~s, Phoe- 
nix, Arizona) are each manufacturing a paddle that is based on 
the SHRP concept but that uses strobe lights or bulbs rather than 
high-intensity halogen bulbs. 

Napoleon Fabricators, Inc. (Napoleon, Ohio) and AdraCorp. 
(Huntsville, Alabama) both manufacture the portable all- ter- 
rain s i p  and stand. AdraCorp's product is a tripod version that 
weighs just wer 3 kilogram (7 pounds). 

The queue dettctot, which consists of a msmitter, meiv- 
er, and d(cctr0nics module, is available from ASTI Thnqkrta- 
tion Systems (Mw Castle, Delaware). The detector alerts driv- 
ers to stopped or slow traffic ahead, giving them more time to 
react and prevent accidents. 

Still Under Development 
The portable crash cushion is currently being modified so that 
it uses a small trailer for more maneuverability in loading and 
unloading Three trailer units are cumndy being manufactured 
for testing and eoaluation by State highway agencies. 
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Long-Term Pavement 
Performance 
Strategic Plan Published 
In September 1995. the UPP program published ilralong- Tcnn 
Pavement krjbnnarwe Roadmap: A Straugic Plan. The plan 
was developed with input from State and pmvincial highway 
agencies, the American Association of State Highway a n d k s -  
portation Officials (AASHTO), the Transportation Research 
Board (TRB), industry, academia, and FHWA. 

The Roadmap contains a data analysis plan for developing 
U P P  products, and it identifies critical issues facing the LTPP 
program. The Roadmap also provides a brief history of the D P  
program, its partners, and their roles. It charts a course to the 
program's near- term and longer term destinations. 

The Rwdmap is being widely distributed to help inform the 
highway community about the projects and products of the 
UPP program. AASHTO has sent copies of the Rwdmap to each 

. State. 
Just as the IXPP program is a dynamic process, so too is the 

Roadmap; the report will be updated periodically to reflect 
changing needs and priorities. 

A new pocket-sized brochure describing the W P  program 
was published by FHWA in October 1995. The brochure, titled 
Improving Pavement Technology: A 20- Yeor Journey, consists of 
a series of commonly asked questions and answers about the 
IXPP program. 

National Conference To Be Held in March 
To provide an update on the LXPP program's accomplishments 
and the products being developed by the program. FHWA will 
convene a conference in Irvine, Caiifornia, in March 1996. The 
conference, 'Improving Pavements with WPP: Products for To- 
day and Tomom,* will be held March 26-28 at the Arnold & 
Mabel Beckman Center of the National Academies of Science 
and Engineering. 

The conference will focus upon U P P  products that contrib- 
ute to increased pavement life; early products available from 
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the m P  p r o v ,  and the path to developing additional antic- 
ipated producu. 

The conference is intended primarily for State, Federal, and 
industry engineen and managers with responsibilities for de- 
livering pavement programs. The conference will also be of in- 
temt to engineers involved in the conduct of the IXPP studies 
or other pavement research programs. 

The conference is cosponsored by: 
American Association of State Highway and  ans sport at ion 
Officials 
American Concrete Pavement Association 
American 'Rucking Associations 
Canadian Strategic Highway Research Program 
National Asphalt Pavement Association 
National Stone Association 
lkansportation Research Board 

UPP Product Preview 
In January 1996, FHWA will distribute a new brochure contain- 
ing a list of the available and planned LTPP products. The LXPP 
Product Pmvinu will include a description of each product, its 

r' status, and a name of the person to contact for more informa- 
tion. 

Products will be grouped in four categories: materials test- 
ing, design guidelines, pavement monitoring procedures, and 
equipment standards and calibration. The Product Preview will 
be used to develop implementation plans for the products. En- 
gineers and managers who desire to be among the earlier users 
of the products will also find the brochure helpful. 

SPS-3/4 1995 Field Evaluations Completed 
Expert teams of engineers from State highway agencies, indus- 
try, and F W A  have completed their evaluations of the perfor- 
mance ofVBZiOus pmveative maintenance treatments construct- 
ed in 1990 as part of SHRE Regional teams conducted on-site 
field evaluations of the specific pavement studies (SPS) cxperi- 
menu (flaibb prvements, SPS-3, and rigid pavements, SPS-4) 
during August. September, and October 1995. EPch field rwiew 
was 6 to 10 days in length. More than 81 experimental sites and 
405 test sections were visited. 

The review teams' subjective evaluations will be used to 
complement the LTPP data analysis now under way on the 5 
years of performance data collected at the sites. The objective 
of this analysis effort is the formulation of sound conclusions 

r' 
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and recommendations on the performance and use of these 
preventive maintenance treatments-that is, what works, and 
what doesn't. A national summary repon detailing the observa- 
tions, conclusions, and recommendations of the review teams 
is being developed by an FHWA contractor, Nichols Consulting 
Engineers, and should be available in early 1996. A Boal report 
on the entire SPS 3&4 project is also being prepand. Technolo- 
gy transfer materials and manuals of practice will be developed 
to assist highway agencies in implementing the study &dings. 

Monitored Traffic Data Now Included in 
National Information Management System 
The UPP National Information Management System now in- 
cludes actual traffic data collected at monitored general pave- 
ment studies (GPS) sites. State and provincial highway agencies 
have been collecting the data since 1990, but access to the data 
was delayed until standardized processing procedures could be 
developed. 

The newly available traffic data coven the 1990- 1993 period 
and contains information on 

traffic and truck volumes, 
weight distributions of axle groups by vehicle type, and 
equivalent single-axle load estimates. 

The information is based on vehicle counts collected at more 
than 470 GPS sites and vehicle weights measured at nearly 400 
GPS sites in 48 States and provinces. 

UPP ~ c t ~ t i ; s  at the 1996 TRB Annual 
Meeting 
The LTPP program will be very visible at the 1996 Transporta- 
tion Research Board Annual Meeting in Washington, D.C. The 
activities start on January 6 with the Data Analysis Working 
Group meeting. At the SHRP Coordinators meeting on January 
7, highbghts of the LIPP program will be presented in the ple- 
nary session. An E P P  exhibit will be set up at the technology 
fair that follaws the coordinators meeting. 

The international WPP coordinators will meet on January 
7. Participants will share the status of their LTPP activities and 
explore opportunities for further cooperative efforts. 

On January 8, Session 42 will feature a series of presenta- 
tions on the Roadmap, related AASHTO activities, and LXPP 
products. 
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Materials Engineer 
Mana DOT 
100 North Senate Avenue 
Indianapolis IN 4520402249 
P ~ w :  31 7-232-5280 
Fax: 3 1 7-356-93 5 1 

Collins, Ronald 
State Mater~als & Research 

Engmeer 
Georg~a DOT 
Office of Materials & Research 

Lab 
15 Kennedy Dr~ve 
Forest Park GA 30050 
Phone: 404-363-75 10 
Fax: 404-363-7684 

D'Angelo, John 
Highway Engineer 
Federal Highway Administration 
400 7th Street, S.W., HTA-2 1 
Washington DC 20590 
Phone: 202-366.0 12 1 
Fax: 202-366.7909 
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Director of Engineering . 
National Asphalt Pavement 

Association 
5 100 Forbes Boulevard 
Lanham MD 20706441 3 
#OW 301-731-4748 
Fax: 301-731-4621 
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Dtrector, Office of Engineering 
Federal Highway Admrmstration 
400 7th S m t ,  S.W., HNG20 
Washington DC 20590 
Phone: 202-366-4853 
Fax: 202-366.998 1 

Epps, Jon A. 
Professor of Civil Engmeer~ng 
Universrty of Nevada-Reno 
College of Engineer~ng 
Mail Stop 256 
Reno NV 89557-0901 
Phone: 702-7846873 
Fax: 702-784-1 429 

Fee, Francis 
Manager, Technical Servces 
Elf Asphalt, Incorporated 
36th and River Road 
P.O. Box 638 . 
Pennsaukan NJ 08 1 10 
Phone: 6094288808 
Fax: 6O9%3-OO 1 1 

Fehsenfeld, Fred 
Execubve Committee Chairman 
Asphalt Refining Company 
5400 W. 86th Street 
Indianapolis IN 46268-0 1 23 
phom: 317a72.6010 
Fax: 3174794145 

' Fevre, M. Claude 
Directeur 
Groupenent Prof 
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4, avenue Hoche 
.Paris 75008 
FRANCE 
Phone: 331-40537000 
Fax: 331-40537049 

Finkle, Rodney 
Materials Engineer 
Washmgton DOT 
Transportation Building, KF-01 
Jefferson Street at Maple Park 
Olympia WA 98504-7300 
Phone: 206-753-7 103 
Fax: 206-705-6808 

Hallin, John P. 
Pavement Design and 

Rehabilitation 
Federal Highway Administration 
400 7th Street, S.W., HNG42 
Washington DC 20590 
Phone: 202-366-1 323 
Fax: 202-366-37 1 3 

Holt, Dave 
Executtve Vice President 
Minnesota Asphalt Pavement 

Association 
900 Long Lake Road, Suite 202 
New Brighton MN 55 1 12 
Phone: 6 12536.4666 
Fax: 61 26364790 
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Asphalt Technical Working Group (contitwedJ 

Kidner, Everett 
Materials Supervisor 
Idaho DOT 
331 1 West State Street 
P.O. Box 7129 
Boise ID 83707 
Phone: 208-334-8439 
Fax: 208-334-3858 

Kline, Charles 
Chief of Materials & Testing 
Pennsylvania DOT 
Transportation & Safety Building 
Commonwealth & Forster Streets 
Harrisburg PA 17 120 
Phone: 71 7-7874720 
Fax: 7 1 7-787-5491 

Lord, Byron N. 
Chief, Engineering Applications 
Federal Highway Administration 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-36601 31 
Fax: 202-366-7909 

McCarthy, Bernard 
Director of Technical Services 
The Asphalt I n s m e  
69 1 7 Arfkrgton Road 
Bethesda MD 208 1 4 
Phone: 30 1-656.5824 
Fax: 3016555825 

Page, Gale 
Bit. Materials & Research Eng, 
Flor~da DOT 
State Materials Office 
605 Suwannee Street 
Tallahassee FL 32399-0450 
Phone: 904-372-5304 
Fax: 904-277-3403 

Potts, Charles F, 
President 
WAC, Incorporated 
900 Ashwood Parkway, 

Suite 700 
Atlanta GA 303384780 
Phone: 404-392-5462 
Fax: 404-392-5593 

Rafalowski, Mike 
Highway Engineer 
Federal Highway Administration 
HNG23 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-3661 571 
Fax: 202-36G9981 

Telford, Jack 
Diws~on Engineer-Materials 
Oklahoma DOT 
200 N.E. 21st Street 
Oklahoma City OK 731053204 
Phone: 405-52 1-2677 
Fax: 405% 1-2524 

Trent, Roy 
Chief, Engrg, & Special 
Projects 
Office of Engineering R&D 
Turner-Fairbank Highway 

Research Center 
6300 Georgetown Pike 
McLean, VA 22 101 
Telephone: 703285-2062 
Fax: 703-2853 1 05 
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Concrete and Structures rhnical WOrkjng 

Brown, b a r d  C. 
State Materials Engimer 
kwa DOT 
Office of Materials 
800 Lincoln Way 
Ames LA 5WlO 
P~OW 51 5-2391 452 
Fax: 5 15239-1 309 

Bushman, James 
President 
Bushman Associates 
P.O. Box 425 
Medina OH 44258 
Phone: 2 1 607693694 
Fax: 2 16-7692 197 

Clemena, Geraldo 
Senior Research Scientist 
Virginla Highway & Transportation 

Research Council 
530 Edgemont Road 
Charlottesvdle VA 22903-2454 
Phone: 804-293-1949 
Fax: 804-2931 990 

Cole, Lawrence W. 
Vice Presdent, Engineering & 

Re~arch 
Amertcan Concrete Pavement 

Associabiorr 
5420 Old Orchstd Road 
Skdtie IL 60077-1083 
Phorn: 708-9666200 
Fax: 708.966-978 1 

Fiorato, Tony 
Vice erestdent 
Portland Cement Association 
5420 OM Orchard Road 
Skokie IL 60077-1083 
Phone 708-9666200 
Fax: 708-988-9781 

Gaynor, Richard D. 
Executive V~ce President 
NAA-NRMCA 
900 Spring Street 
Silver Spring MD 2091 0 
Phone: 301-587-1400 
Fax: 301-585421 9 

Gehler, James C. 
Chief Materials & Phy. Research 
Illinois DOT 
2300 South Dirksen Parkway 
Springfield IL 62764 
Phone: 2 1 7-782-7200. 
Fax: 2 1 7-7826828 

Girard, Robert J. 
Materials Research Director 
Missouri Highway and 

Transportation Department 
Highway and Transportation 

6uilding 
1 5 1 1 Missowi Boukvard, 

Dock 'A" 
P.O. Box 270 
Jefferson Crty MO 651 82 
Phone: 3 14-75 1-1 040 
Fax: 31 4-751.8682 

Hoblittell, Jams 
Structural Engineer 
Federal Highway Administration 
HNG32 
400 7th Street, S.W., 

Room 3203 
' Washington DC 20590 
Phone: 202-3664598 
Fax: 202-366-998 1 

Holland, Terrence 
Director of Engineering 
Master Builders 
2 3 7 00 Chagrin Boulevard 
Cleveland OH. 44 122-5554 
Phone: 216-83 1-5500 
Fax: 2 16-83 1-3470 

Hover, Kenneth C. 
Director, Department of 

Structural Engineering 
Cornell Umverslty 
Hollister Hall 
tthaca NY 146533501 
Phone: 607-25 53406 
Fax: 607-255-9004 

Jackson, Donald 
Highway Engmecr 
FederaJ Highway AcMdstrat~on 
400 7th sbctt, S.W., m 2 2  
Washington OC 20570 
Phom: 202-3666770 
Fax: 202-366-7909 
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Concrete and SLNctums TihnicaI Worlckrg Group [confinuedj 

Larm, Roger M. 
Highway Research Engineer 
Federal Highway Administration 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-3661 326 
Fax: 202-366-9981 

Naret, Frank 
Structures Engineer 
New York DOT 
Building 5, State Office Campus 
Albany NY 12232 
Phone: 5 1 &485-1386 
Fax: 5 1 5485402 1 

Pasko, Jr., Thomas J. 
Office of Advanced Research Ctr. 
Federal Highway Administration 
6300 Georgetown Pike, H A M  
McLean VA 22 101-2296 
Phone: 703-285-2034 
Fax: 7032852379 

Roberts, James E. 
Chief, Division of Structures 
California DOT 
1 120 N Street 
P.O. Box 942673 
Sactamcnto CA 942730001 . 
Phone: 916453810 
Fax: 91 6654.6608 

Smith, Lawrence L. Younger, Carey 
State Materials & Research Research Engineer 

Engineer New Jersey State DOT 
florrda DOT 1035 Parkway Avenue, CN 600 
Bureau of Materials & Research Trenton NJ 08625 
605 Swannee Street Phone: 603530.2001 
Tallahassee FL 323990450 Fax: 609.5308294 
Phone: 904-372-5304 
Fax: 904-2 77-3403 

Vanikar, Suneel 
Highway Engineer 
Federai Highway Administration 
HTA-2 1 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-368-0 1 20 
Fax: 202-366-7909 

Virmani, PauF 
Highway Research Engineer 
Federal Highway Administration 
6300 Georgetown Pike, HNR-10 
McLean VA 22101 
Phone: 7032852439 
Fax: 703-2852439 

Weil, Thomas 
Group Product Manager 
W.R. Grace & Company 
62 WhRbnore Avenue 
Cambridge MA 021 40.1692 
Phone: 6 1 7-876.1 400 
Fax: 61 74764400 
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Amsler, Sf., Duane E. 
Civil Engineer Ill 
New York DOT 
Building 5, SMe Office Campus 
Albany NY 12232.0001 
Phone: 5 1 5457-950 1 
Fax: 5184574021 

Burk, Mike 
Safety & Destgn Appitcations 

Branch 
Federal Highway Admintstratton 
400 7th Street, S.W., HTA-3 1 
Washington DC 20590 
Phone: 202-366-8033 
Fax: 202-366-85 18 
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Chief, Roadway Management 

Systems 
Pennsylvania DOT 
Transportation & Safety Building 
Commorwealth & Forster Streets 
Harrisburg PA 1 7 120 
Phone: 7 1 7-7836 145 
Fax: 7 1 7-787-7839 
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Professor of Civil Engineering 
Texas A&M Lknnrstty 
rCCCE Towler, Suite 310 
Texas T r a n m  InstrMe 
Colkge Station TX 778433135 
Phm: 4098451727 
Fax: 4098456254 , 

Garrett, Robert M. 
Execubvc Director 
American Traffic Service 

Association 
ATSSA Budding 
5440 Jefferson Davis Highway 
Fredericksburg VA 2240 7 
Phone: 703-8985400 
Fax: 703-59855 10 

Hanneman, Richard L. 
Pres~dent 
Salt Institute 
700 North Fairfai Street, 

Suite 600 
Alexandria VA 223 14-3040 
Phone: 703-549-4648 
Fax: 703-548-2 194 

Henderson, Gary 
Chief, Roadway Applications 

Branch 
Federal Highway Administration 
Nassif Building, HTA-2 1 
400 7th S m t ,  S.W., 

Room 63 19 
Washington DC 20590 
Phone: 202-3661 283 
Fax: 202-366-7909 

Humphrey, Norman 
Maintenance Engineer 
South Dakota DOT 
Transportabon Building 
700 East Broadway Avenue 
Pierre SD 57501-2586 
Phone: 6057733571 
Fax: 6057733921 

Joseph, Charles 
President 
Charks Joseph Traffic S e ~ c e s  
514 S. Church Street 
Rockford IL 61 101 
Phone: 81 59649640 
Fax: 81 5.964-5318 

Kuemmel, David A. 
Asststant Professor of Civil 

Engmeerrng 
Marquette University 
1 5 15 West Wisconsin Avenue 
P.O. Box 65 
Milwaukee WI 53233 
Phone: 41 4-288-3528 
Fax: 4 14-2887082 

Lasek, Joseph 
Chief, Technical Oevelopment 
Federal Highway Aclministraon 
hh511 
400 7th Street, S.W. 
Washington M; 20590 
Phone: 202-3662 174 
Fax: 202-36685 18 

Law, Charles 
District Engineer 
Georgia DOT 
1 5 m D f i v e  
Carters\tilk GA 301 20 
m: 404.387-3602 
Fax: 4043637684 
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Highway Operati m Technical Working Gmup (continuedj 

Lord, Byron N. 
Chief, Engineering Agpiications 
Federal Highway Administration 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-35501 31 
F a :  202-3667909 

MacMullen, John 
Membership Services 

Representative 
Amer~can Public Works 

Association 
105 West 1 1 th Street, 

Suite 1600 
Kansas City MO 641051805 
Phone: 81 6472-5 100 
Fax: 816472-1510 

McCarthy, Bernard 
Director of Techrncal Sewices 
The Asphalt Institute 
69 1 7 Arlington Road 
Bethesda MD 208 14 
Phone: 301656-5824 
Fax: 3016565825 
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Minnesota DOT 
Transportation Building 
395 John lrebnd Boukvard 
Saint Paul MN 55155 
Phone: 5 1 2-297-3590 
Fax: 6 1 2-297-3 1 50 

Smlthson, Leland To#, Stephen A. 
Director, Office of Maintenance Chief, Bureau of Eguipmnt 
Iowa DOT New Jersey State DOT 
800 Lincoln Way 1035 Parkway Avenue 
Arnes IA 5001 0 a Trenton NJ 08625 
Phone 5152391519 Phone: 609.530.2200 
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Story, Jesse 
Chief, Program Management 
Federal Highway Administration 
C&M Division, HNG21 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-366-1 552 
Fax: 202-366998 1 

Swenson, Arlen T. 
Manager, Rental Marketing 
John Deere National Sales 

Division 
400 19th Street . 
Moline IL 61265 
Phone: 309-7653 170 
Fax: 3097653123 

Tignor, Samuel 
Information & Behavorial 

Systems Division 
Federal Highway Administration 
TFHRC, Room T2 10 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 7032852031 
Fax: 703-285-2 1 13 
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Long-Term Pavement 

Chnstory, kanPierte 
Laboratone reg. de I'Ouest 

Parisien 
12, nre Teissereno de Bort 
78190 Trappes 
France 
Phone: 331-24821234 
Fax: 331-30508369 

Churilla, Charles J. 
Chief, Pavement Perforrnance 

Division 
Federal Highway Administration 
Turner-Fairbanks Highway 

Research Center 
6300 Georgetown Pike (HNR40) 
McLean VA 22101 

P Phone: 7032852355 
Fax: 703-2852767 

Dougan, Ph.D., Charles E. 
Director of Research & Materials 
Connecticut DOT 
24 Wolcott Hill Road 
Wethersfield CT 061 09 
Phone: 203-258-0372 
Fax: 2035664904 
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Head of Road Research Msion 
Danish Road Institute 
Elisagaardsuej 5 
P.O. Box 235 
Roskilde OK 4000 
DENMARK 
Phone: 4546300100 
Fax: 4546300105 

Hdlin, John P. 
Pavement Design and 

Rehabilitation 
Federal Highway AdrmnlJbration 
400 7th Street, S.W., HNG-42 
Washington DC 20590 
Phone: 202-366-1 323 
Fax: 202-366.37 1 3 

Henderson, Gary 
Chief, Roadway Applications 
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400 7th Street, S.W., 

Room 6319 
Washington DC 20590 
Phone: 202.366-1 283 
Fax: 202-366-7909 

Knutson, Marlin J. 
President 
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Association 
3800 N. Wilke Road, Suite 490 
Arlington Heights IL 60004 
Phone: 70&394-5577 
Fax: 78839k56 10 

Lord, Byron N. 
Chief, Eneimring Applrations 
Federal Highway Administration 
400 7th stnet, S.W# 
Washington DC 20590 

. 
Ph-: 202-36Wl3 1 
Fax: 202-366-7909 

Mathews, Jack R. 
Executive Director 
Alabama Asphalt Pavement 

Association . 
P.O. Box 703% 
Montgomry AL 3610703% 
Phone: 20583553 14 
Fax: 2052654931 

Staggs, William 
Pavement Management Engineer 
Arkansas State Highway & 

Transportation Department 
P.O. Box 2261 
10324 Interstate 30 
Little Rock AR 72203 
Phone: 501 -5692265 
Fax: 501-569-2623 

McWaters, Brian 
Pavement Engineer 
Iowa DOT 
800 Lincoln Way 
Arnes IA 50010 
Phone: 51 5239.1 510 
Fax: 5 1 5239-1 873 

Pryor, Charles A. 
V ie  President Engineering 
National S t m  Association 
1415 Elhot Place, N.W. 
Washington DC 20007-2599 
Phone: 202-342-1 100 
Fax: 202-3424702 
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Long-Tern Pavement Performance Technical 

Shaffer, Douglas L. 
Senior Program Officer 
Transportation Research Board 
GR 326 
2 101 Constitubon Avenue, N.W. 
Washington DC 20418 
Phorre 202-334-1430 
Fax: 202-334-2003 

Sullivan, Richard H. 
Director 
Minnesota DOT 
Transportation Building 
395 John Ireland Boulevard 
Saint Paul MN 55155 
Phone: 61 2-2965509 
Fax: 6 12-297-3 160 

Tahir, A. Haleem 

Working Group (continued) 

Way, George 
SHRP Product Implementation Pavement & Design Section 

Coordinator Engineer 
American Association of State Arizona DOT 

Highway and Transportation 206 S. 1 7th Avenue, Room 102A 
Officials Phoenix AZ 85007 

Building 226, Room A365 Phone: 602-2554085 
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Phone: 301-9756704 
Fax: 301-330-1 956 

Teng, Paul 
Chief, Pavement Division 
Federal Highway Administration 
400 7th Street, S.W., HNG-40 
Washington DC 20590 
Phone: 202-3661 324 
Fax: 202-366.9981 
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Subte~l 

From 

To 

Memorandum 

- 
SHRP Information- CZearinghouse 

Associate Administrator for 
Safety and System Applications 

Washington, D.C. 20590 

Regional Administrators 

One of the challenges in conducting the SHRP implementation 
program i s  communication, within M A ,  and with all of our 
partners regarding the structure and status of the program, and 
about the numerous opportunities to participate. One 
communication tool is the FHWA's SHRP Product Implementation 
Status Report. Prepared quarterly, the Status. Report captures 
the highlights of the SHRP implementation program; Attached is 
the June issue. To date, the FHWA has utiliqed its traditional 
communication mechanisms supplemented by extensive use of 
E-mail directly to the F'HWA SHRP coordinators in the regions 
and divisions. The Status Report is one example of the 
information that is distributed via E-mail to our field' 
offices. National and regional meetings have also been used to 
tell the story. The FWWA also publishes the SWRP FOCUS monthly 
nawolett& which ir sent to 8,500 individuals nationally and 
internationally. 

One of the recommendations which the FHWA received regarding 
SHRP implementation communication was to establish a computer 
based information system. One that would allow any interested 
party to learn what is planned, who is doing it, and when it 
w i l l  happen. The SHRP Informat-ion Clearinghouse contains: 
(1) Status Report, (2) Product Information, (3) Calendar, 
(4) Directories, and (5) SHRP Report Abstracts. 

The Clearinghouse, which is'operated by the Office of 
Technology Applications is currently accessible to all users 
via a modem and an 800 telephone line. The only requirement 
for operation of the'system is that a user execute a series of 
compute-ands on h i s  or her initial entry. These 
instructions have been E-mailed directly to the region and 
division SHRP Coordinators. We are currently exploring options , 

to access the Clearinghouse on the FHWA WAN and AASHTO VAN. 

As the principal potential users of the SHRP product., the 
State highway agencies need to be introduced to the 
Clearinghouse and provided the computer instructionm. TO 
strengthen the SHRP implementation partnership, we arm 



requesting that the divlsion offi ces inforr the State 
agencies about the Clearinghouse. To assist' the divisio~, 
attached are: - - 

A suggested letter from the division office to the State 
introducing the Clearinghouse - pleama modify the la t t er  
to 8uit  local conditions, 

Sufficient quantity to provide two computer diskettes to 
each State, and 

An information page describing the Clearinghouse. 

The letter to the State should also go to the Local Technical 
Assistance Program (LTAP) Technology Transfer Centers in each 
State and in Puerto Rico. A limited number of SHRP products 
are of interest to small and local governments. The FWWA is 
funding a contract to promote SIIRP products to local 
governments through the LTAP technology transfer centers. 
Information on the implementation efforts tor local governments 
is also contained in the Clearinghouse data bases and each 
center is being sent directly a copy of the diskette. A 
separate distribution will be made to the four technology 
transfer centers for American Indian tribal govemmants. . 

Industry, national associations and trade publications, 
academia, and international usrrs.wil1 be informed about the 
Clearinghouse through- magazine articles in FOCUS, p u B t l t C  ROADS, 
other magazines, and general advertisements. Please teal free 
to inform regional and local industry and publications 
regarding the availability and access to the Clearinghouse. 

The regions, divisions, and States have all cooperated 
enthusiastically and significant progress has been made toward 
the adoption of the SHRP products. However, a lot remains to 
be accomplished and your continued support and participation is 
critical to the overall success of the implementation effort. 
The Headquarters SHRP implementation team is available to 
assist you. Please do not hesitate to contact any of the 
individuals identified in the Status Report for assistance. 

Dennis C. ~udyckq 

Attachments 



us- 
of- SERP Information Clearinghouse -- 
Mmhwmlm 

- 
I 

- - 

As part of its SHRP implementation program, FHWA . has initiated numerous activities, 
including workshops, exhibits, technical assistance, and test and evaluation projects. 
Keeping track of all that information is a formidable task. 

FHWA created the SHRP Information Clearinghouse to make it easier for State 
departments of transportation, industry, academia, the international community, and 
others to check the status of the SHRP products and to get information about FHWA's 
implementation activities. 

The Clearinghouse is actually a set of five databases, housed in an IBM-compatible 
computer. A customized sofkare program links the databases 
user ink*. FHWA regularly reviews and updates the data. 

and provides a graphical 

The Clearing house includes: 

The full text of the most recent version of FHWA's SHRP 

Product Information 
-Historical and current information 
- I n f o d o n  on the show- workshops and c o n k s  

Implementation 

-Information on the States participating in test and evaluation projects 
,products 

Status 

for SHRP 

. Calendar of SHRP- related ex hibits, workshops, training programs, and meetings 
- 

A directory of FHWA contractors, technical working group and expert task group 
members, technical assistance sources, SHRP coordinators, and others involved in 
SHRP implementation activities 

Abstracts of all SHRP repom - as well as information on ordering the reports 

The Clearinghouse runs in a user-friendly Windows environment. It is easy to navigate; 
the user sfrru from a wries of menus. There arc no special computer hardware or 
software requirements, but a mouse is recommended. 

The SHRP Information Clearinghouse became operational in July 1994. You can reach 
the Clearinghouse through FHWA 's local-area network or by using a high-speed (9600 
baud or faster) modem to dial directly into the host computer. To request a copy of the 
self-installing software (which you will need to dial in to the Clearinghouse), contact 
Tonya Inc. at 202-289-8108. For more information about the SHRP Information 
Clearing house, contact FHW A ' s Office of Technology Applications (fax 202-366-7909). 
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Subject 

From 

T 0 

- 
Implementation Plan *for the Strategic 0ate .June 3 ,  1993 
Highway Research Program ( S W )  Products . 

Executive Director 

Associate Administrators A 

Regional Administrators 
Federal Lands Highway Program Administrator 

The Federal Highway Administration (FHWA) continues to put a 
priority on the implementation program for the SHRP products. 
Most recently, the attached plan on SHRP products implementation 
was developed under the direction of the FMJA SHRP Implementation 
Coordination Group (SICG). The plan describes the overall 
approach, the partnerships.that are considered essential to the 
successful implementation of the SHRP products and the roles of 
the involved organizations, including our field offices. Also, 
attached is a companion document that lists the organizational 
memberships of the various committees and task forces associated 
with this program. 

The plan was developed with the understanding that it is a living 
document that would grow and change in response to the needs of 
the users of the SHRP products. It provides the framework by 
which the specific individual product(s) implementation plans, 
both national, regional and State, will be developed. To be 
successful, the specific product implementation plans must be 
tailored to meet regional and S-tate conditions. It is strongly 
recommended that the regions and divisions be active participants 
with the States and industry in the development of these 
implementation plans. 

During the coming months, FHWA will continue to put in place the 
SHRP products implementation mechanisms and activities such as 
the four technical working groups, the development of specific 
national plans and the showcase contracts referred to in the 
plan. However, within the framework described in the plan you 
are enc6TiFSged to begin planning the development of regional 
strategies and possible organizational structures that include 
our partners. I strongly encourage you to become actively 
involved in this process and in the subsequent implementation 
activities. ' 



ÿ he office of Technology Applications (OTA) is available to 
provide additional information regarding the SHRe implemeqtation 
plan and to assist your staff in the development of regional and 
state plans. Duri-nnq this summer and fall visits by OTA staff to 
your Region, meetings will be held to discuss the program with 
your staff . 

E. Dean Carlson 

Attachments 

I ,' 

?adera1 Highway Administration 
ITA-3:CChurilla:ljp:366-6626:5/26/93 
zc:  HOA-1 

HOA-2 
HOA-3 
HOAES 
HST-1 3 4 0 1  
HTA- 1 
HTA-3 Official File 



Memorandum 

smect SHRP Products Imp~ementation 
. - Date November 22, 1993 

From Executive Director R ~ O ' V ~ O  HTA-3 
Atln 01 

Associate Administrators 
Regional Administrators 
Federal Lands Highway Program Administrator 

The Federal Highway Administration ( M A )  has made significant 
progress in the SHRP implementation activities at the national 
level. The four Technical Working Croups (TWGs) have been formed 
and are addressing the development of  product-specific 
implementation plans, contracts for various SHRP implementation 
support functions are in place, and the first of the showcase 
contracts has been avardad. Attached for your information i8 t h o  
SHRP Implementation Statue Report that describes the FHWA 
activities. This report is routinely distributed on E-mail to 
the region and division office SHRP coordinators. 

One of the SHRP support activities is a Speakers Bureau that 
provides FHWA a mechanism to respond to the many requasts for 
presentations on SHRP products. When FHWA 8taff i8 unable to 
respond to a request for a SKRP presentation, tha Sp..kers Bureau 
can provide a knowledgaable individual from the private sactor. 
The FHWA also has other means available vhan we wish to utilize 
an individual from a State highway agency as a SHRP products 
speaker. Please contact Charlie Churilla (202-366-6626) in the 
Office of Technology Application8 ii ve can help in thim regard. 

One of the f irld office SHRP implementation activities that is 
extremely important is working with the State highway agencies to 
establish or foster tha operation of SHRP implementation 
activities. A number of Stater have established SHRP 
implementation committee8 a8 a mean8 to cootdinat. the evaluation 
and adoption of SHRP products. In those State8 that have such a 
committee, the region and division offices can play valuable 
roles as an information source on the products and a champion for 
the many implementation activitira being offered by FHWA. I am 
requesting that you encourage the Divimion Administrators to 
discuss SHRP implementation vith their State counterparts. 
In those instances where an implementation process does not 
exist, the importance of taking action now should be stressed. 



I n  the many instance= vherc such a committee or process already 
exists, the discussipn should focus on the strengthening of the 
state-EHWA implementation partnership. To assist you inathis 
effort, attached are copies of a SHRP Implementation videofape 
prepared by FHWA. 

- - 
During the life of the SHRP, an annual State Coordinators0 
meeti-7 was held in conjunction with the Transportation Research 
Board (TRB) Annual Meeting. The SHRP meeting is being continued 
by FHKA, with the support of TRB, and will focus on the 
implementation activities and the continuation of the Long Term 
Pavement Performance program. In the past, this meeting has been 
extremely well attended with representatives from 70+ percent of 
the States. Attendance by a regional office representative, and 
at your discretion from one of your division offices, is 
recommended. Washington Office Directed Travel has been approved 
for the SHRP Coordinators' meeting. 

Also, during the fall, representatives from the Headquarters 
offices involved in the SHRP implementation efforts have visited 
most of the regional offices to provide firsthand information on 
the SHRP implementation activities and to discuss the region and 
division offices0 roles in these activities. One of the items 
specifically addressed during several of these meetings vas the 
funding for the SIERP implementation~activities at the regional 
and State levels. As the national-implementation plans are 
developed by the TWGs, each region vill have the opportunity to 
develop regional plans for specific products or showcase group of 
products. Activities in the regional plans may include test and 
evaluations, regional equipment purchases, and associated 
administrative costs for the regional technical committees. The 
Office of Technology Applications is available to assist your 
office in the development of these regional plans and to provide 
the funding for these field-led implementation activities. 
Detailed information regarding the-funding of the regional plans 
will be forthcoming. - 

For =he SHRP implementation to be a success, it requires the 
actwe participation by. all the partners. At the- national level, 
TRB, AASHTO, and FHWA have taken a number of significant steps 
towards this goal. However, to ultimately reach the goal, the 
States in cooperation with the FHWA field offices and local 
industry must act. I, again, want to strongly encourage you and 
your staff to continue to be 
implementation process. - 

E. Dean Carlson 

2 Attachments 
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Memorandum 

S U D I ~ C ~  JNFOWTION:  ~istribution of Dale March 23 ,  1994 
Publication 

Associate Administrator for Safety R C P V I C  H T A - ~ ~  
F r D n  and System Applications A t l r  C' 

Regional Administrators '= Federal Lands Highway Program Administrator 

Distributed with this memorandum is Federal Hiahwav 
Administration Technoloav A~~lications Proaram. A ~ r i l  1994, 
Publication No. FHWA-SA-94-028, an update of the July 1993 
publication (FHWA-SA-93-075). This provides a current listing of 
all technology transfer projects and an up-to-date status on the 
activities within the project. The Office of Technology 
Applications (OTA) will continue to update and distribute this 
publication periodically in order to keep the field offices, 
States, and Technology Transfer Centers up to date on the --ik---M--- 

technology transfer activities underway. 

Sufficient copies of this publication are being distributed to 
provide 6 copies to each regional office and 10 to each division 
office. Direct distribution is being made to the division 
offices; copies for State highway agencies are included with the 
copies for the division offices. h r o  copies are also being sent 
to each Local Technical Assistance Program Technology Transfer 
Center. 

A limited number of additional copies are available from the FHWA 
Research and Technology Report Center, HRD-11, Room A-200, 
6300 Georgetown Pike, McLean, Virginia 22101-2296. 

Attachment - 

Dennis C. Judycki ( 
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Mobile Concrete Laboratory (SHRP) 

DESCRIPTION : The project's goals include demonstration of state-of-the-art concrete technology in 
materials selection, mix designs, laboratory testing, ani Ad testing. Project activities include guidance for 
updating specifications and use of computer technology for ,;sign, testing, and data storage. A partnershp with 
manufacturers, contractors, industry associations, and academia is maintained in all of the project's activities. 

This project demonstrates the use of innovative laboratory and in situ testing equipment, and promotes high- 
performance concrete and the use of chemical admixtures. ' h s  project also supports the activities of SP-20 1, 
"Accelerated Rigid Paving Techruques." 

BACKGROUND : With todays construction heavily ihvolved in rehabilitation and reconstruction, highway 
enpeers place ever greater demands on Portland cement concrete. These demands include lower permeability, 
higher and earlier strength, and improved workability. Many concrete admixtures are available today that 
specifically address these demands. However, to understand and effectively use these admixtures, innovative mix 
designs, testing equipment, and techniques are a prerequisite. 

With the use of a mobile concrete laboratory, 26 field demonstrations have been performed in the last 5 years. 
Two-day workshops on stateof-the-art concrete technology have been conducted in 44 States. Twenty 1-day 
seminars on "Concrete Admrxtures" have been conducted. Many presentations, including the mobile concrete 
laboratory, have been @yen at national, regonal, and local FHWA and industry meetings. More than 2,500 State 

, DOT and FHWA enpeers have attended workshops, seminars, and field demonstrations. Under the equipment 
loan program, in situ testing equipment has been loaned to 20 States. 

PROJECT MANAGERS : Suneel V d a r ,  HTA-2 1, (202) 366-0 120 and Gary Crawford, HTA-2 1, (202) 
366-1286 

STATUS' : In 1995, mobile laboratory field demonstrations were conducted in Texas, Ohio, and Virginia. 
Oneday nondestructive testing (WT) workshops were held in Missouri and Iowa. Tlus NDT workshop will be 
presented in several States over the next few years. This workshop includes some SHRP-developed products. 
A Concrete admixtures seminar was presented in Hawaii. 

The remaining States will be visiteQ over the next several years, with many States asking for repeat visits as the 
SHRPdeveloped products are &lu&g! in the laboratory. The 1 -day adrmxture seminars will continue for a few 
more years. Additionally, thls m~bile 44boratory will support efforts related to implementing S HRP -developed 
concrete technology. The major mphasis for the next several years will be on field demonstrations of the SHRP- 
developed products and implemen~ti~n of Performance Related Specification for Concrete Pavements. 

- 
TECHNOLOGY TRANSFER A D S  : Mobile laboratory, telephone and on-site assistance, speakers, 
specialized workshops and seminars, and nondestructive equipment loan program. A new mobile concrete 
laboratory was acquired in 1995. 

PUBLICATIONS : FHWA reports on several field studies available through the Office of Technology 
Applications. 





Corrosion Survey Techniques 

DESCRIPTION : The objective of this project is to demonstrate and document the latest concepts and test 
procedures for corrosion surveys on reinforced concrete structures. A secondary objective is to work in 
conjunction wlth States to collect data on structures that already have protective systems and to determine their 
effectiveness. The project is divided into three distinct modules: 

Executive Presentation Slide presentation and some equipment demonstration. 

Equipment Demonstration Slide presentation on bridge evaluation techniques and 1 - to 2-day 
equipment demonstrations. 

Hands-on Training and Testing. Three to four days of hands-on experience with equipment. 

A loan program for States that are interested in a particular piece of equipment. 

Several products developed under the Strategic Highway Research Program (SHRP) are being demonstrated as 
part of t h s  project. 

BACKGROUND : Deterioration of remforced concrete by corrosion of the reinforcing steel is the most 
frequent cause for needmg maintenance, rehabilitation, or replacement of concrete structural elements. The ability 
to identify an active corrosion process in the early stages is the most important factor in minimizing the cost of 

p corrosion-related repairs. 

Today's equipment is lighter, stronger, more durable, and is capable of interfacing with microcomputers through 
CADD-like software. Additionally, with the growing attention paid to concrete substructure corrosion, this 
equipment solves some of the difllcuities of surveying vertical surfaces over rivers, coastal waters, and freeways. 
Some tests that will be performed are half-cell potential survey, delamination mapping, rapid field measuring, 
chloride content, concrete cover survey, rebar corrosion rates, and crack measurement. 

PROJECT MANAGER : Donald Jackson, HTA-22 (202) 366-6770 

STATUS : Th~s project was announced late in 1991. DP-84 has been presented 36 times since then. Interested 
States may request demonstrations from the project manager. 





Draina ble Pavements 

DESCRIPTION : This project was developed to help State highway agencies and industry partners become 
more farmbar with new techmqus in pameable base and edgedrain system design and construction. This project 
concentrates on the use of permeable bases with concrete pavements and consists of a workshop that features a 
slide presentation, design manual, and field construction technical assistance. It also incorporates a hydraulic 
demonstration model that presents the drainage rate of various aggregate materials used in road building, 
including permeable bases. 

BACKGROUND : Water in the pavement section is recogmzed as a major factor in pavement deterioration 
and early loss of pavement service life. In recent years, highway engineers have recopzed the cost benefits of 
providmg permeable bases to drain the pavement section. New aggregate gradations and stabilizing materials 
for base courses have been used to provide a balance between drainability and stability. Construction engineers 
also have developed new techniques for placing and compacting permeable base material. 

PROJECT MANAGER : Robert Baumgardner, HNG-42, (202) 366-46 12 

STATUS : More than 40 workshops have been completed to date. Scheduled presentations concluded in 
March 1994. The scope of the workshop portion of h s  project will be expanded in a hture NHI course to 
include retrofit edgedrains and drainage of flexible pavement. (See DP-87 Phase 11, page under Asphalt 
Pavement Design and Construction.) 

TECHNOLOGY TRANSFER AIDS : Workshop available on request (subject to long-range planning), 
specifications from Wisconsin, tecbcal assistance, construction evaluation monies (limited), computer software 
available from PCTrans, University of Kansas, and McTrans, University of Florida. 
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DP-87 Drainable Pavement Systems (Phase 11) 

DESCRIPTION : Thls project was developed to help State highway agencies and industry partners become 
more farmliar with new techniques in permeable base and edgedrain system design and construction for concrete 
pavements. This phase of the project will concentrate on the use of permeable bases with asphalt pavements and, 
as with concrete pavements under Phase I, consists of a workshop that features a slide presentation, design 
manual, and field construction techcal assistance. 

BACKGROUND : Water in the pavement section is recopzed as a major factor in pavement deterioration 
and early loss of pavement service life. In recent years, highway enpeers have recopzed the cost benefits of 
providmg permeable bases to drain the pavement section. New aggregate gradations and stabilizing materials 
for base cow~es have been used to provide a balance between drainability and stability. Construction engtneers 
also have developed new techniques for placing and compacting permeable base material. 

PROSECT MANAGER : Robert Baumgardner, HNG-42, (202) 366-4612 

STATUS : This project is being expanded in an NHI course to include retrofit edgedrains and drainage of 
flexible pavement. In addition, a contract has been awarded to Applied Research Associates to develop a 
microcomputer program to calculate pavement subsurface drainage. 

TECHNOLOGY TRANSFER AIDS : Workshop available on request (subject to long-range planning), 
equipment demonstration. 





DP-89 Quality Management 

DESCRIPTION : The goal of h s  project is to b d d  top-level support and awareness of quality management 
and to provide training to State highway agencies in statistical quality control techniques. It is part of the 
National Quality Initiative. Thls project involves four quality management activities. 

Participate on a joint FHWA/AASHTO/industry steering committee to guide and help focus 
efforts on the quality of construction, performance, and quality management with emphasis on 
a partnership effort. 

Develop (jointly) and issue broadly based national policy/goals. 

Hold high level seminars for upper management of Federal, State, industry, and others to 
educate and gain support. 

Provide technical training, guidance, and tools to others responsible for implementation. 

BACKGROUND : There has been a conscious effort w i t h  the United States during the past decade to promote 
a correlation between American products and quality. In general, h s  effort has been focused in the 
manufacturing industry. The United States has begun to promote the concept of American quality because quality 
is an important factor in maintaining global competitiveness. 

r' 
With the emphasis on quality again moving toward national sipficance, h s  project will provide direction and 
address a broader role of quality in the highway environment. 

PROJECT MANAGER : Don Tuggle, HNG-21, (202) 366-1553 

PROJECT COORDINATOR : Gary Henderson, HTA-22, (202) 366- 1283 

STATUS : In an effort to widely disseminate the principles and ideals begun at the National Quality Initiative 
Seminar in DallasEt. Worth, Texas on November 1 0, 1 992, four AASHTO Regional NQI Seminars involving 
well over 10,000 people nationwide have been conducted. Additional support of state-level NQI activities has 
been provided. 

An "NQI National Conference" will be held in Alexandna, VA on November 14 and 1 5, 1 995. The fust-ever 
NQI Achevement Award will be presented for the best highway project at thls conference. 

A 5day training course (Materials Control and Acceptance: Qualify Assurance) and a 2-day workshop (Quality 
ManagernentforMianagers) is being co-sponsored with the National Highway Institute. Approximately 38 a f  
the 50 available five-day courses and 4 1 of the 56 available two-day workshops have been presented. Several 
statistical qual~ty assurance computer programs have been developed by thc New Jersey DOT. A techntcal review 
of the user manual has been completed, and distribution of the manuals and programs is expected by the end of 
1995. In addltion a number of workshops and seminars have been supported such as a technician training and 
certification workshop in Platteville, Wisconsin and a quality assurance specifications development workshop 
in Little Rock, Arkansas. 

TECHNOLOGY TRANSFER AIDS : One- week course, two-day workshops, t echca l  assistance, speakers, 

r\ and computer programs. 





DP-90 Mobile Asphalt Laboratories 

DESCRIPTION : This project is a major Ofice of Technology Applications initiative to promote Strategic 
Highway Research Program (SHRP) fmdmgs in the asphalt area. This project uses hvo mobile laboratorits to 
provide State highway agencies with a hands-on demonstration of the SHRP SUPERPAVE design system and 
field management techques. 

TIte major objective of the project is to promote the Super Pave Mir design system and mix verification / 
volumetric quality control in thejield 

The typical project centers on transplanting a mobile lab to an active paving project at the invitation of the State. 
Once it is on site, State, contractor, and Federal engineers can witness, compare, and critique the test procedures 
and sequences. 

PROJECT MANAGERS : Thomas Harman, HTA-2 1, (202) 366-0859; John D'Angelo, HTA-2 1, (202) 
366-0 12 1 ; and John Bukowsh, HTA-2 1, (202) 366- 1287. 

STATUS : The use of mobile laboratories for asphalt mix is ongoing. The concepts of Mix Verification and 
Voids Acceptance have been demonstrated and field simulated in more than 38 States in the last 8 years. As an 
additional senice, more than 50 Federal and State contractors, engmeers, and techcians have spent 2 to 5 days 
in a mobile laboratory learning and strengthening theu slalls in the asphalt mix area. In 199 1, a formal 2-day 
workshop was added to the demonstration. In 1993, key elements of the SHRP SUPERPAVE mix design sys tern 
were also added to the workshop. Dunng 1994 and 1995 the laboratory provided field control on several projects 
using SUPERPAVE designed mixes. 

A report detailing the results of the field simulation was voted the "Best Paper of the Year 199 1" by the 
Association of Asphalt Paving Technologists. Thls report, Summary of Simulation Studies, is available from 
the project managers. 

The remaining States will be visited over the next several years. With the addtion of the SUPERPAVE system, 
many States are expected to request repeat visits as they explore the adoption of the new techniques. The mobile 
laboratory has supported other OTA activities, such as stone matrix asphalt (SMA), and is expected to perform 
this support activity more frequently in the next few years. 

TECHNOLOGY TRANSFER AIDS : Mobile laboratory (subject to scheduling), telephone and on-site 
assis tame, speakers, and specialized workshops and seminars. 

PUBLICATIOFIST Summary of Simulation Siudies, by J .  D'Angelo and T. Ferragut, 199 1. 
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r' DP-108 Pavement Management Analysis 

PURPOS~ i Tb demoisttiite how varioui PMS prioritization methods are used to identify justifiable and cost- 
effective pavement preservation strategies for various funding levels and develop multi-year prioritized list of 
pavement preservation projects. 

To demonstrate how PMS pavement performance data is used to perform engineering analyses that could evaluate 
pavement design, construction, materials and maintenance procedures as they relate to performance of pavements. 

BACKGROUND : The ISTEA Interim Final Rule for management systems requires each State Highway 
Agency to develop a PMS for the National Highway System capable of performing various pavement analyses. 

These analyses included pavement performance analysis to analyze the current and predicted performance of 
specific pavement types, investment analyses to estimate total cost for present and projected conditions across 
the network, and investment strategies to prioritized pavement preservation projects with recommended 
preservation treatments that span single and multi-year periods using life-cycle cost analysis. 

The regulation also requires the PMS to be capable of performing engineering analyses for appropriate network 
sections that could evaluate pavement design, collstruction, rehabilitation, materials, mix designs, and preventive 
maintenance as they relate to performance of pavements. 

State examples of pavement performance, multi-year prioritization methods, cost analyses and engineering 
analyses will be used to develop two to three-day demonstration sessions. The project consists of two 

r' demonstration activities. 

The first activity consists of a series of PMS outreach sessions to provide one-on-one 
discussions and technical assistance to States that are developing the analyses required to 
perform multi-year prioritization of pavement preservation projects. 

The second project consists a demonstration of the use of PMS performance data in 
engineering applications. 

The main topics to be demonstrated in the multi-year prioritization demonstration activity are: 

Pavement Performance Analysis 

Selection of Pavement Preservation Strategies and Treatments 

Cost Analyses 

Effects of Budget Constraints 

Project Selection Process 

The main topics to be demonstrated in the use of PMS performance data in engineering applications 
demonstration activity are: 

f". Historical Performance Data 



Evaluation of Pavement Design Procedure 

Evaluation of Pavement Construction Practices 

Materials Performance Analysis 

Pavement Preservation Analysis 

PROJECT MANAGER : Luis Rodriguez, HNG-4 1, (202) 366- 1335. 

STATUS : A contract has been awarded for the multi-year prioritization demonstrations. Demonstration 
sessions are expected to begin in the first quarter of 1996. 

Bids are currently being evaluated for a contract to perform PMS enpeering analysis demonstrations. The 
contract should be awarded by the end of 1995 and sessions are expected to begm in early 1997. 

Bridge Design and Construction 

Bridge design, as many other segments of civil engineering, has evolved from early art forms to a sophisticated 
science. A hundred years of experience have been assimilated into the engineering practice, and modem research 
and development fmdings have been re-examined, tested, proven in seeice, and codified into bridge 
specifications and practice. The tradtional design philosophies and methods, such as Working Stress Design 
(WSD) and Ultimate Strength Design (USD), are still used in bridge design. However, recent developments in 
bridge design specifications have departed from the traditional approaches to incorporate more rational methods. 

Load Factor Design (LFD) was a fust step toward implementing a bridge design code based on statistical factors 
d 

accounting for variability of loads, lack of accuracy in the analysis, and the probability of simultaneous 
occurrence of different loads. Load and Resistance Factor Design (LRFD) extended the philosophy to include 
resistance factors that account for the variability of material properties, structural dimensions and worhanship, 
and the uncertainty in the predxtion of resistance. The LRFD code, properly applied, is expected to lead to more 
rational bridge designs that will produce more economical and durable highway bridges. A concerted effort to 
train bridge designers in the concept of load and resistance factors, as well as the application to bridge design, 
is crucial to the successful implementation of the new codes. 

The LRFD specifications are ideal for assimilating new developments in bridge materials and construction 
methods, such as electroslag weldmg and h~gh performance concretes, since resistance factors can be modified 
as necessary to represent uncertainties in material properties. Part of this project will involve promoting new 
bridge materials and construction methods and also implementing the LRFD code in bridge design sofiware. 

Recent innovative developments in bridge design codes, bridge materials, and construction methods have led to 
the establishment of 10 milestones. 

1 .  Develop and initiate formal training sessions for the design of bridge superstructures 
and bridge foundations using the LRFD code. 

2. Develop and initiate formal training sessions for the use of nondestructive load testing 
to determine load ratings of bridges. 

3. Develop and initiate a demonstration project on electroslag welding for steel bridges. 



Approve the LRFD specifications as the sole AASHTO code for design of highway 
bridges. 

Upgrade major bridge design, analysis, and rating software with LRFD code: BRASS, 
AASHTO BDS. 

Use High-Performance Concrete in a prestressed concrete bridge in Virginia. 

Prepare Technology Transfer material and conduct a regional seminar on the use of 
High-Performance Concrete in a prestressed concrete bridge in Texas. 

Use High-Performance Concrete in parallel structures conventional concrete in one, 
HPC in the other. 

Establish an equipment loan program for SHRP-developed High-Performance Concrete 
test equipment. 

Establish design and construction guidelines for High-Performance Concrete. 
0 
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AP-21 Geotechnical Microcomputer Programs 

DESCRIPTION : This project has involved the development of several geotechnical programs 
under contract with geotechnical microcomputer programming firms. These programs have been 
made available to the States by the OTA. 

BACKGROUND : The microcomputer industry has undergone rapid changes in recent years. New 
developments in hardware and software make the use of the microcomputer in civil engineering applications more 
feasible, practical, and almost indispensable. 

The microcomputer can be used to solve many geotechnrcal problems that need repetitive and yet complicated 
calculations, such as analyzing embankment and foundation deformations, estimating pile behavior under static 
and dpunic forces, and calculating foundation settlements. Five of the microcomputer programs developed or 
under development are: 

COM624P: Analyzes the behavior of piles or drilled shafts, subjected to lateral loads using the p-y 
method. 

EMBANK: Determines one-dunensional compression settlement because of embankment loads. 

SPILE: Calculates the ultimate static pile capacity in cohesive and cohesionless soils. 

WS: Analyzes stability of slopes that contain soil reinforcement. The analysis is performed 
using a two-dimensional limiting equilibrium method. 

MSEW: Designs and/or analyzes required reinforcement for mechanically stabilized retaining 
walls, which does not consider specific facing conf~gurations. 

DRIVEN: This program is the updated version of the SPILE Program. 

PILE 
FOUNDATION : This program will be developed based on the University of Florida program - 

LPGSTAN whch is capable of analyzing bridge foundations subject to extreme 
events (hurricanes, ship and ice imports). The program will extend its capabilities 
to include the analysis and design of sound walls, retaining walls, signs and high 
mast lighting structures. 

PROJECT MANAGER : Chien-Tan Chang, HTA-22, (202) 366-6749 

STATUS : The SPILE Program has been upgraded, the new program is called Driven. This program is 
estimated to be completed by the end of 1995. RSS Program has been completed. It will be tested for about 2 
months and will be dstributed early December 1995. Contracts are being negotiated to develop a new version 
of MSEW program and a multiple face* program called Pile Foundations. 
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f? AP-102 SHRP Distress Identification Manual 

DESCRIPTION : The Drstress Idenhjcation Manual is a pictorial rating manual for &stress identification 
on highway pavements. The manual's photographs, descriptions, and illustrations provide a reference for the 
consistent identification and quantification of the severity and extent of pavement distress. It also provides a 
common language for describing cracks, potholes, rutting, spalhg, and other pavement distresses. As a "distress 
dictionary," the manual has the potential to improve inter- and intra-agency communication while leading to more 
uniform evaluations of pavement performance. 

The manual is divided into three sections that focus on particular types of pavement: (1) asphalt concrete 
surfaced, (2) jointed Portland cement concrete, and (3) continuously reinforced Portland cement concrete. Each 
distress is clearly labeled, described, and illustrated. 

BACKGROUND : In 1987, the Strategic Highway Research Program (SHRP) began its largest and most 
comprehensive pavement performance the Long-Term Pavement Performance (LTPP) program. The Distress 
Identification Manual was developed as a tool for the LTPP program. It allows States and others to provide 
accurate, uniform, and comparable information on the condition of LTPP test sections. Moreover, it enables 
individuals and agencies to interpret LTPP data or to correlate LTPP fmdmgs with their own research efforts. 

PROJECT MANAGER : James Walls, HNG-42, (202) 366- 1339 

P STATUS : The SHRP distributed multiple copies of the latest color version of the Distress Identzfkation 
Manual in July 1993. NHI will offer several training courses on the Manual to State and local highway agencies 
starting in the Fall of 1995. 

Copies of the training materials will be made available to academia and the Tkhnology Transfer Centers. 

TECHNOLOGY TRANSFER AIDS : The project manager will continue to provide technical advice and 
participate in conferences, seminars, workshops, and user training sessions. Test and evaluation by a limited 
number of States is also anticipated. 

PUBLICATIONS : The hstress Identiification Manual for the Long-Term Pavement Performance Project 
can be purchased fiom the Transportation Research Board. Telephone: (202) 3 34-32 14; Fax: (202) 3 34-25 1 9. 
Cost: $20. 





P 
AP-118 Falling Weight Deflectometer Quality Assurance Software (SHRP) 

DESCRIPTION : This project develops, markets, and distributes generic versions of the Strategic Highway 
Research Program's (SHRP's) Falling Weight Deflectometer (FWD) Quality Assurance software for use by State 
highway agencies. The generic versions accommodate various FWDs, sensor numbers, sensor spacings, and test 
protocols. 

BACKGROUND : The SHRP FWD Quality Assurance Sohare is a spinoff product of SHRP's Long-Term 
Pavement Performance (LTPP) studies. It is one of four spinoff products SHRP recommended for FHWA 
implementation activities in 1992. 

Falling Weight Deflectometers are used widely by hghway agencies to collect pavement response data used in 
pavement rehabilitation, design, pavement management systems, and forensic examinations of failed pavements. 
The overall goal of the SHRP FWD Quality Assurance Software is to ensure the consistent collection of high- 
quality pavement deflection data. 

To provide quality assurance for FWD data collection, SHRP developed four software programs and established 
reference calibration centers at several State highway agencies to provide for quality measurement and data 
collection. 

Since many of the State highway agencies either own or contract for deflection testing services by an FWD, the 

f? use of h s  quality assurance software should provide improved testing data. Unfortunately, all of this software 
was written specifically for SHRP and its methods. As an example, the programs are written to read data files 
from Dynatest FWD with seven sensors at the prescribed SHRP sensor spacing. 

PROJECT MANAGER : Max Grogg, (5 l8)43 1-4224. 

STATUS : A Techcal Working Group was established in 1993. During 1994 the LTPP Division continued 
to revise these software packages based upon their need, experience, and input from the Technical Working 
Group. These modifications should be completed by October 1995. In 1996 a consultant contract will be 
executed to perform the sohare modification. Additional funding will provide for training on the software and 
the calibration centers. Limited field testing by the SHAs will be conducted, and modified generic software will 
be marketed. 





TE-14 Innovative Contracting Practices 

DESCRIPTION : The objective of h s  project is to identify innovative contracting practices for evaluation 
and doamentation that have the potential to reduce life-cycle costs to State highway agencies, while maintaining 
product quality and an acceptable level of contractor profitability. Practices tested under this contract include 
designhuild, warranties, guarantees, lane rental, cost plus time bidding, and incentives/disincentives. 

BACKGROUND : Tlus project resulted firom the work of a 1988 Transportation Research Board (TRB) task 
force that spent 3 years exploring innovative practices in the U.S. and abroad. Its fmdings were released as 
Transportation Research Circular Number 386, titled "Innovative Contracting Practices" (1 99 1). 

Another initiative relative to innovative contracting practices resulted from an asphalt pavement study group's 
1990 European tour. The group was impressed with what it saw and recommended three innovative practices 
that could be pursued through a test and evaluation effort: 

Functional contracts (designhuild), 

Warranties of riding surfaces, and 

Lane rental. 

In addition, a fourth practice, cost-plus-time bidding, has gained widespread acceptance from State highway 
agencies. 

PROJECT MANAGER : Wady Williams, HNG-22, (202) 366-0606 

STATUS : This project has been operational for over 5 years and approximately 65 percent of the SHA's have 
participated at least once. 

By far, the most popular techque used has been cost-plus-time biddmg. Twenty-six States and the District of 
Columbia have used this method thus far. Six SHA's have either completed design/build contracts or have 
initiated such contracts. Contacts have been completed in Arizona and Colorado with favorable results. Total 
project time was substantially less than would have been expected for conventional design-bid-build projects, 
there was no significant change in design costs, and claims were essentially eliminated. Six SHA's have 
undertaken projects using the lane rental concept to reduce road-user impacts and, eight SHA's have chosen to 
use and evaluate warranty provisions. 

In 1995 FHWA published Rebuilding America: Partnership For Investment, FHWA publication No. FHWA- 
PD-95 -02 8, which contains descriptions of innovative practices and a list of projects using these practices. 

TECHNOLOGY TRANSFER AIDS : Lane rental specifications, background information on warranties 
and guarantees (from the Transportation Research Board), and telephone and speaker assistance. 
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r‘ TE-18 Stone Matrix Asphalt 

DESCRIPTION : The goal of this project is to test and evaluate the use of Stone Matrix Asphalt (SMA) on 
several test sections of U. S. highways to determine its construction feasibility and cost-effective performance. 
DP-90's mobile asphalt laboratories, its staff, and the Turner-Fairbank Highway Research Center staff are 
available to assist other States with SMA mix design mformation. The mobile asphalt laboratories provide 
materials analysis on-site while supporting quality control and compliance. 

BACKGROUND : In 1990, a team of State, industry, and Federal engineers fiom the U.S. participated in 
a European Asphalt Study Tour. Their mission was to identify promising asphalt technologies. Of the asphalt 
mixture technologies studied, SMA had great promise for use in this country. 

SMA is an asphalt mixture developed in the 1980's in Germany to provide a rut-resis tant pavement surface layer. 
SMA's proven performance is attributed to a "gap graded" aggregate gradation that provides a stone-to-stone 
structure held together by a durable asphalt cement, mineral filler, and fiber matrix. SMA is routinely used in 
many parts of Europe. 

> 

PROJECT MANAGER : John Bukowski, HTA-2 1, (202) 366- 1287 

STATUS : Interest in SMA remains strong. To date, project presentations have been made at nearly 100 
locations to thousands of government and industry individuals interested in the various aspects of material 
selection, design, construction, and perf~nnance. Continuing intaest in SMA is evident by the increasing number 

f@- of States that participate and the tonnage of SMA used in projects. 

Year Number of States Tons of SMA 

Extensive monitoring is under way on more than 50 separate test sites constructed in Maryland, Georgia, 
Virgirua, Texas, California, Alaska, Arkansas, New Jersey, Kansas, Illinois, Ohio, Michigan, Wisconsin, Indiana, 
and Missouri. Data from these projects are being analyzed and model specifications have been disseminated. 
Further evaluation is targeting mixture design, cost reduction, quality control, and predictive performance of the 
SMA pavements. SMA sites are being visited and evaluated by a contractor, which should lead to a greater 
understanding and more systematic evaluation approach. A mix design research effort fimded by the NCHRP 
9-8 is undenvay at the National Center for Asphalt Technology and Auburn University. Efforts are also 
undenvay to use some of the Superpave mix technologies in designing SMA. 

TECHNOLOGY TRANSFER AIDS : Telephone and on-site assistance, speakers, mix design assistance 

1 1- 1991 4 less than 50,000 



(based on laboratory availability), and mobile laboratory (subject to long-range planning). 

PUBLICATIONS : SMA Model Materials Selection and Construction Guidelines are available through the 
Office of Technology Applications and are also being distributed by the industry. Copies of  material on 
European SMA Synthesis also are available upon request. 



Pavement Condition Measurement (SHRP) 

DESCRIPTION : This project evaluates and promotes state-of-the-art pavement condition evaluation 
equipment and consolidates previous ongoing activities with SHRP implementation efforts related to pavement 
condition measurement. The project will be expanded to include new technology as it becomes available. 

Three kinds of equipment have been evaluated through field test and evaluation: 

- SHRP Ground Penetrating Radar 

- SHRP Seismic Pavement Analyzer 

- Fully Automated Pavement Distress Measuring Equipment 

PROJECT MANAGERS : Luis Rodnquez, HNG-4 1, (202) 366- 1335 and George Jones, HNG-4 1, (202) 
366-1338. 

STATUS : The fmal report on the fully automated pavement distress measuring equipment has been completed 
and distributed to all State highway agencies. Reports on additional equipment analysis will be issued upon 
completion of field test and evaluation. A follow-up test was conducted in North Carolina during December 
1994. North Carolina DOT is currently completing the data analysis from that test. 

f? 
The Technical Working Group met and decided not to had any additional testing of either the ground penetrating 
radar or the seismic pavement analyzer. The developers of both pieces of equipment are continuing with the 
equipments' development. Commercial development through the private sector is encouraged. 

TECHNOLOGY TRANSFER AIDS : Test and evaluation in selected States through work orders and 
equipment loan. A follow-up program of workshops, seminars, and literature is envisioned. 
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TE-25 Strategic Highway Research Program Work-Zone Safety Devices 
1 

DESCRIPTION : To improve safety and effciency of day-today maintenance and operations of work zones, 
the Strategic Highway Research Program (SHRP) produced 12 devices that are applicable in work zones, 
especially for maintenance activities. 

1. Salt Spreader Truck Mounted Attenuator (TMA) 

2. Portable Crash Cushion ** 

3. Ultrasonic Detection A l m  

4. Infrared Intrusion Alarm ** 

5. Queue-Length Detector * * 

6. Portable Rumble Strip ** 

7. Direction Indicator Barricade * * 

8. Opposing Traffk Lane Divider ** 

9. Diverging Lights 

10. Flashing STOPISIOW Paddle ** 

11. All-Terrain Sign & Stand 

12. Remotely Driven Vehicle 

** Interest indicated by commercial fabricators. 

The Salt Spreader Truck Mounted Attenuator is commercially produced and marketed exclusively by private 
industry. Six of the other devices, representing the basic SHRP developed concepts, are commercially available 
and are ready for trial field use. These include the Opposing Traflic Lane Dividers, Portable Rumble Strip, 
Flashing STOPISLOW Paddle, Direction Indicator Barricades, Work Zone Intrusion Alarms, and the All-Terrain 
Sign Stand with Signs. The Portable Crash Cushion and the Remotely Driven Vehicle are being modified to 
improve their pafonnance. The Queue-Length Detector and Diverging Lights have had technical problems that 
remain unsolved and also appear to have a limited market demand. Further work on these two devices is on hold. 

PROJECT MANAGER : Joe Lasek, HHS- 1 1, (202) 366 2 174 

PROJECT COORDINATOR : Peter Hatzi, HTA-3 1, (202) 366 8036 



STATUS : Most of the devices have been eshibited by the FHWA and SHRP staff at many national and 
regional conferences and technical shows. The purpose of showcasing the devices during fiscal years 1992 
through 1994 is to acquaint potential users with these new devices and to develop interest in their use. 

FHWA supports activities to provide the various devices to State highway agencies for trial use and evaluation. 
A solicitation of interest was made to the State DOTS through FHWA division offices. Based upon responses, 
funds were provided to the States to acquire limited numbers of the devices for trial use under actual work 
conditions. In return information on the overall performance of the devices will be provided to FHWA. 

Some adhtional b d m g  will be made available in FY 1994 for acquiring Intrusion Alarms and other devices that 
may become available for trial use and evaluation. The funding will be provided under normal Federal aid 
procedures. Through this evaluation method, FHWA will accumulate an information base on the in-senice 
performance of the various devices, while allowing the States to gain experience with them. 



TE-27 Innovative Pavement Materials & Treatments 

DESCRIPTION : This project provides States an opportunity to evaluate SHRP pavement maintenance 
products and techmques by introducing preventive maintenance technology and principles. Technical assistance 
will be provided on surface treatments and guidance will be available in the use of innovative materials. SHRP 
technology in two areas is included: 

- Effectiveness of pavement preventive maintenance: management concepts, optimum timing of 
various surface treatment applications, gude specifications for preventive maintenance, and a 
1 -day workshop. 

- Innovative materials: pothole patching, crack sealing, joint sealing, spa11 repair and other 
materials and surface repair gudelines, introduction of objective data collection techques  for 
joint seal effectiveness, and a 1-day workshop. 

PROJECT MANAGER : Patrick Bauer, HNG-2 1, (202) 366- 1554 and Michael Smith, HNG-42, (202) 
366-4057. 

PROJECT COORDINATORS : Jim Sofenson, HNG-42, (202) 366-1333 and Gary Henderson, HTA-2 1, 
(202) 366- 1283. 

STATUS : Showcase contracts have been awarded for Preventive Maintenance and Innovative Materials, and 
pilot workshops have been conducted. Test and Evaluation programs are under development. The first pilot 
workshop was held in May, 1 995, in Colorado. The second pilot is being held in September, 1 995, in Arizona. 
It is anticipated that workshops for both technologies will be available in the late Fall of 19%. 

TECHNOLOGY TRANSFER AIDS : Seminars, technical assistance, and field test and evaluation work 
orders. 





SHRP Snow and Ice Technology 

DESCRIPTION : T h s  project tests and evaluates SHRP snow and ice technology products in five major 
areas: snowplow cutting edges, snow fences, roadway weather information systems, anti-icing technologies, and 
de-icing chemicals. The project will provide an opportunity for States to test and evaluate better designed 
snowplows and snow fences, improved storm forecasting and communication methods, and more efficient and 
effective snow removal and ice control methods. 

The primary products emerging from this SHRP technology area are design guides, manual of practice for anti- 
icing operations, research reports, handbooks, evaluation methodologies, and improved snow removal equipment. 
Guidelines have been developed for evaluating equipment, materials, and methods for utilizing anti-icing 
technology. FHWAts implementation effort of the SHRP technology has three parts: 

- Anti-icing Technology through a technical services support agreement with U.S. Army Corp 
of Engineers (Cold Regions Research and Engineering Laboratory CRREL). 

- Showcasing contract incorporating workshops, field test and evaluation, and equipment loans. 

- Field Test and Evaluations through work orders with State highway agencies. 

PROJECT MANAGERS : Salim Nassif, HNG-2 1, (202) 366- 1557;Chung Eng, HNG-2 1, (202) 366- 15 5 5. 

PROJECT COORDINATOR : Gary Henderson, HTA-2 1, (202) 366- 1283 
P 

STATUS : Product/technologies currently being evaluated include weather information systems for highway 
operations, anti-icing operations, innovative snow fence design and construction, and snow scoops. Additional 
productsltechnologies and participants will be added through the showcasing contract. Work orders were 
established with 15 State hghway agencies to evaluate the effectiveness of SHRP anti-icing techniques over the 
1993194 and 1994195 winter period. Work orders were also established with an additional seven State highway 
agencies; four to evaluate the Wels portable interactive weather prediction system, and several other weather 
services in terms of usefidness and accuracy for highway operations; two to evaluate snow fences designed in 
accordance with SHRP guidelines; and one to evaluate the effectiveness of the snow scoop retrofitted to their 
existing plows. 

A showcase contract has been executed to package the various technologies and develop a series of workshops 
and seminars focusing on snow and ice technologies. Additional field trials will be initiated with selected States 
to further evaluate various products by winter 1995196. Workshops will begin during the fxst quarter of 1996. 

TECHNOLOGY TRANSFER AIDS : Workshops on snow and ice technology will be available in the 
near future. Following standard work order procedures, States may participate in field tests and evaluations of 
selected products. Technical assistance will be available to guide participants on proper application and 
evaluation of productsltechnology. Limited funding is available. 

Pavement Management Technology : This technology group focuses on those technologies related to 
identification, evaluation, and testing for pavement distress and collection of pavement performance data. It 
includes a Distress Identification Manual and several pieces of equipment developed under the Strategic Highway 
Research Program's Long Term Pavement Performance (LTPP) program. Programs under this group will 
establish a continuing effort to test and evaluate emerging equipment and technology and will provide 



comprehensive reports of testing results to the industry. This effort will result eventually in more accurate and 
consistent distress identification and periorknance data. 



High Performance Rigid Pavements (HPRP) 

DESCRIPTION : The immediate goal of the HPRP Program is to construct some selected highway projects 
to explore the applicability of other innovative concrete pavement design and construction concepts in the United 
States. The long range goal is fiuther improvement of cement concrete pavement design, materials, and 
construction technology and equipment through innovation, research, training, and following pavement 
technology developments in other nations. 

BACKGROUND : In 1992 a team of State, industry, and Federal engmeers participated in the U.S. Tour of 
European Concrete Highways. Their mission was to review European concrete pavement experiences and obtain 
information relating to finance, research, design, construction, maintenance, and performance to assist with 
development of appropriate actions for enhancing the U.S. highway system. The follow-up visits to Germany 
and Austria obtained sufficient dormation to construct experimental sections using German design and Austrian 
exposed aggregate surface treatment technique to reduce tirelpavement noise.. 

PROJECT MANAGER : John M. Becker, HNG-40, (202) 366- 1340 

PROJECT COORDINATOR : Suneel Vanikar, HTA-2 1, (202) 366-0 120 

STATUS : In 1993 a 1-mile test section was constructed on 1-75 (Chrysler Freeway) in downtown Detroit, 
Michgan. The design and construction procedures of the experimental pavement section were similar to those 
used in Germany and Austna. The project will be monitored for 3 years and evaluation reports have and will be 
prepared. An open house was organized during construction to demonstrate the European design and construction 
technology. FHWA plans to participate in additional projects incorporating some of the European and other 
innovative design features. 

State Highway Agencies have been asked to submit proposals for HPRP projects by October 10, 1995. Expert 
W o r b g  Groups will be formed to select projects for FY 1996 funding, to evaluate HPRP performance and to 
oversee open house activities and to develop TZ workshops. 

TECHNOLOGY TRANSFER AIDS : Telephone and on-site assistance, speakers, and mobile laboratoxy . 

PUBLICATIONS : Report on the 1992 US. Tour of European Concrete Highways, 1992, and Summary 
Report of Follow-up Tour of Germany and Austria, 1993. Both reports are available through the Office of 
Technology Applications. A video-tape on the Michgan project is available from the Office of Technologq. 
Applications. 





f"- TE-34 SHRP Concrete Showcase Contracts 

CONCRETE MIX DESIGN AND CONSTRUCTION AIDS ISHRP) 

DESCRIPTION : This project provides State DOTS and industry with SHRP-developed information on 
concrete mix design and curing tables along with providing technical assistance for implementation. Curing 
tables will aid resident engineers and contractors in their decision process. 

BACKGROUND : Packing diagrams have been developed by SHRP to get dense concrete. The diagrams 
are used as mix design techniques. Properly used, the mix design may improve tensile strength and durability. 
Curing tables have been developed and include temperature, m e n t  content, and critical dimensions to aid proper 
curing. The goal of these efforts is to obtain dense, impermeable, and durable concrete with minimum cracks. 

PROJECT MANAGER : Suneel Vanlkar, HTA-2 1, (202) 366-0120 

f-' 

STATUS : A Work Order was provided to the Indiana DOT in 1992 to perform field verification of packing 
diagrams, and field testing and evaluation are complete. A work order wai provided to the University of 
Louisville for additional testing and evaluation in 1994 and is underway. Minnesota DOT conducted their own 
packing handbook evaluation in 1994. In 1994, the Missouri HTD examined the packing handbook for possible 
use in mix design. 

In 1994, these products were promoted through presentations, and they will be incorporated into other SHRP- 
related implementation efforts for concrete durability and high performance concrete. 

In 1995, the draft Packing Handbook evaluation report and the Curing Tables evaluation report were sent to 
AASHTO and dstributed to members of the Technical Working Group. 

TECHNOLOGY TRANSFER AIDS : Presentations are available upon request fiom the Office of 
Technology Applications. 

CONCRETE DURABILITY ISHRP) 

DESCRIPTION : This project will showcase SHRPdeveloped products and provide education and techcal 
assistance to State DOTS and the industry by developing and presenting workshops and providing testing 
equipment to State DOTS through an equipment loan program. 

This implementation effort includes new test procedures for D-Cracking potential of aggregates, a revised test 
procedure for fieeze-thaw durability, and specifications for aggregates. It will also include an expert system for 
rehabilitation strategy. The durability of concrete structures and pavements is a key issue in rebuilding 
infrastructure. 

PROJECT MANAGER : Gary Crawford, HTA-2 1, (202) 366- 1286 



PROJECT COORDINATOR : Suneel Vanikar, HTA-2 1, (202) 366-0 120 

STATUS : Five impact echo devices, five in situ surface air flow permearneters and five hydraulic fracture 
devices have been purchased and are available through an equipment loan program. The impact-echo device has 
been loaned to ten agencies, the surface air flow permearneter has been loaned to eight agencies, and the hydraulic 
fracture device has been loaned to five interested highway agencies. The products are being promoted through 
a manual, workshops, equipment loans, and technical assistance. Consultant services were obtained in 1 994 to 
develop and present workshops, showcase products, manage the equipment loan program, and provide technical 
assistance. A pilot workshop was held in Virginia in June 1995. Regional workshops will start in late 1995 and 
continue through 1996. Some products will also be demonstrated in the FHWA mobile concrete laboratoq. 

TECHNOLOGY TRANSFER AIDS : Workshops, equipment loans, and technical assistance through 
consultant services. A manual will be developed for the workshops. 

ALKALI-SILICA REACTIVITY (ASR) AND FLORESCENT MICROSCOPY (SHRP) 

DESCRIPTION : This project will provide education and technical assistance to State DOTs and the industq 
while showcasing SHRPdeveloped products relating to alkali-silica reactivity (ASR) and florescent microscopy 

ASR is a problem for many States, particularly those with concrete pavements. This implementation effort 
includes identification of ASR, field and laboratory tests, mitigation of ASR in existing structures, and mix design 
procedures to reduce potential for ASR. 

The project will develop and present workshops, provide testing equipment to State DOTs through an equipment 
loan program, and provide technical assistance. 

PROJECT MANAGE : Roger Surdahl, HNG-23, (202) 366-1563 

PROJECT COORDINATOR : Suneel Vanikar, HTA-2 1, (202) 366-0 120 

STATUS : Six ASR field detection test kits have been purchased. The consultant contract to develop a 3-day 
workshop and other showcase activities was awarded in 1993. A pilot workshop was held in Pennsylvania in late 
1994. Workshop presentations started in 1995, and workshops were presented in Nebraska, New Jersey, North 
Carolina, Wyoming, Nevada, Oregon, Minnesota, and New Mexico. An equipment loan program has been 
established, and techcal assistance is provided under the contract. Equipment loan and technical assistance were 
provided to Pennsylvania, Nevada, Idaho, Delaware, Oregon, and Indiana DOT'S. Field testing of lithium 
compounds to minimize ASR is underway in New Mexico, Nevada, New Hampshire, and Pennsylvania. 

In 1996, the products will be promoted through a manual, additional workshops, product showcasing, and 
technical assistance. Some products will continue to be demonstrated in the FHWA mobile concrete laboratory. 

TECHNOLOGY TRANSFER AIDS : Workshops, equipment loans, and technical assistance through 
consultant services. 



Concrete Pavement Design and Construction 

The concrete pavement design and construction technology group focuses on innovative designs and 
construction techniques that provide immediate solutions to specific Portland cement concrete 
pavement problems. The range of technologies addresses water in pavements, faulting joints and 
cracks, paving under limited time restrictions, pavement durability and economy, and methods of 
achieving improved overall performance through performance-related specifications. 

Several projects incorporating emerging technologies for design and construction are in development 
stages. These include high-performance rigid pavement design and construction methods, various 
concrete pavement texturing techniques to minimize noise and enhance safety, and evaluation and 
implementation of performance-related specifications for concrete pavements. 





TE-36 High-Performance Concrete 

DESCRIPTION : This national effort will include seminars, workshops, equipment loan programs, 
demonstration bridges, and technical assistance to evaluate, showcase, and promote high performance concrete 
and SHRP resear& products in high performance concrete. The initial goals are to obtain all equipment, 
specifications, test procedures, and reference documents related to the subject; organize the materials; develop 
seminar and workshop technology transfer materials; and plan an equipment loan program. The secondary goals 
are to present seminars and workshops, implement the equipment loan program, provide technical assistance, and 
construct Demonstration Bridges. 

BACKGROUND : The Strategic Highway Research Program (SHRP) supported considerable research into 
high performance concrete. As a result of ths  research, new testing methods have been developed and some 
existing testing methods have been mdfied to 1) determine the validity of existing test methods; 2) give greater 
uniformity to test results; and 3) give enpeers greater confidence in the material properties of high performance 
concrete. 

A major goal of SHRP was to develop improved criteria and testing methods for the mechanical properties and 
behavior of high-performance concrete. The training and dissemination of information to personnel 
(governmental and industry) required to perform tests and mixture design is an essential step for the effective use 
of new field identification procedures, test procedures, and mixture design methods. 

PROJECT MANAGER : Terry D. Halhyard, HTA-22, (202) 366-6765 

PROJECT COORDINATOR : John M. Hooks, HTA-22, (202) 366-6643 

STATUS : A national multi-year effort is planned that would target a maximum number of interested 
government and private industry engineers and technicians. This effort will promote the use of high performance 
concrete and the thorough evaluation of SHRP-developed products to transfer technology to a wide audience 
throughout the United States. High performance concrete is being used in bridges under construction in 
Nebraska, Texas and Virginia, and plans are being made for its use in bridges in New Hampshire, Ohio, 
Colorado, Georgia and Washmgton. A workshop on the use of high performance concrete in the Texas bridge 
is planned for early 1996. 

TECHNOLOGY TRANSFER AIDS : Workshops on High Performance Concrete, technical assistance, 
speakers, and presentation materials. 

Bridge Inspection and Bridge Management 

More than 40 percent of the Nation's 575,000 highway bridges are hctionally obsolete or structurally deficient. 
These deficient structures represent significant impediments to the safe, economical use of the highway system 
and result in safety hazards, high user costs, and huge outlays for preservation and replacement. Balanced against 
h s  backlog of bridge needs is a generally inadequate level of funding by public agencies for infrastructure needs. 

r' 
The collapse of the Silver Bridgq, in 1967 was the immediate catalyst for what became a comprehensive bridge 
safety inspection program mandated by the National Bridge Inspection Standards (NBIS). Every bridge on a 
public road must be inspected at least every 2 years and highway agencies across the Nation have inspection 



staffs and programs that collect and update critical bridge inventory and inspection data. After almost 20 years, 
there is still a manifest need to more effectively analyze this data, to better define bridge needs, and to find 
effective solutions. 

The complexities and costs associated with presewing the Nation's bridge infrastructure demand innovative 
approaches to collection and analysis of data and prediction of current and future bridge presemation actions. 
These needs, coupled with the availability of modem analytical methods and high-speed computers, are leading 
to the development of comprehensive bridge management systems. Pnor to the late 1 WOs, there were no existing 
management systems adaptable to the management of bridge programs nor was there any clear definition of key 
bridge management principles or objectives. Therefore, in cooperation with AASHTO, California DOT, and a 
specially formulated technical working group (TWG) representing several State DOT'S, OTA was able to 
establish the following primary requirements of a comprehensive Bridge Management System (BMS): 

General Procedures 

1. Identify and establish responsibility for data collection and management and for bridge decision 
making based on a comprehensive BMS. 

2. Coordinate program and project-level decisions and coordinate bridge maintenance and 
improvement actions and a process of priority programming. 

3 .  Ensure a clear method of communicating needs and programs-to outside audiences. 

Functional Needs 

1. Automated database of bridge inventory, condition data, and a historical data file. 

2. Deterioration models for projecting future condition of bridge elements with or without 
intervening actions. 

3 .  Iden* costs related to feasible actions, user costs associated with a deficient bridge condition, 
and budget and other key constraints. 

4. Develop multi-period procedures and reporting capabilities. 

Efforts to define modern bridge management led to a cooperative effort with California DOT and the TWG to 
be develop the PONTIS BMS. With Pontis under development, and with the added incentive of the Intermodal 
Surface Transportation Efficiency Act (ISTEA) of 199 1, six milestones were established: 

1. Publish Version 2.0 of PONTIS, the BMS jointly developed by FHWA, California DOT and 
the TWG (complete); accomplish transfer of PONTIS support to the AASHTOWare software 
system (complete). 

2. Develop and begm formal BMS training sessions for bridge inspectors and bridge managers 
(sessions to be underway beginning in October 1995). 

3 .  Establish an FHWA network of BMS specialists and regional TWGs to provide BMS training 
and support to SHA and local agency bridge managers (underway). 

4. Implement a Grnrnonly I&qpzed (CoRe) Element system to define standard bridge elements 
d 



(complete); establish uniform method of converting core element condition data to NBI format 
(ready for adoption). 

5 .  Each State implement a comprehensive BMS (underway). 

6. Organize a new demonstration project to promote innovative computer hardware and s o b a r e  
to improve eficiency and quality of bridge data collection and management (scheduled to begin 
in FY 1997). 





TE-39 SHRP Asphalt Support Projects 

This project supports a multitude of activities to promote the SHRP asphalt program. 

PROJECT MANAGERS : The managers for all TE-39 projects are: John D'Angelo, A-2 1, (202) 366- 
0 12 1 ; Thomas Harman, HTA-2 1, (202) 366-0859; and John Bukowski, HTA2 1, (202) 366- 1287. 

DESCRIPTION : FHWA, in cooperation with AASHTO and SHRP, initiated a pooled fund study that gives 
the participating States the opportunity to acquire SUPERPAVE asphalt binder and mix test equipment. Since 
the pooled h d  announcement on January 10, 1992, States have committed at least a portion of the estimated 
$335,000 to purchase the equipment. The pooled fund study allows each State to use its Federal SP&R monies 
without matching h d s .  

STATUS : Procurement of the equipment is scheduled for a 4-year period. All participating States have 
received the SUPERPAVE binder equipment. The mix design equipment must go through further development 
with a series of first article testing. This process should allow for a more rigid analysis of the equipment prior 
to the purchase. The States have received the gyratory compaction equipment to bigin work on the SUPERPAVE 
mix design system. 

Procurement of the mixture analysis equipment and the SUPERPAVE Shear Tester and Indirect Tensile Tester 
will initially be limited to six units. These wdl be evaluated at SUPERPAVE Centers established in PA, AL, TX, 
NV, and M as well as at the FHWA TFHRC. Equipment procurement for all State DOTS of these devices is 
scheduled for 1 996. 

TECHNOLOGY TRANSFER AIDS : Equipment on loan (subject to availability), State reports available 
through the Office of Technology Applications (subject to availability), and telephone assistance. 

SHRP ASPHALT EOUIPMENT LOAN PROGRAM 

DESCRIPTION : This project evaluates asphalt binder equipment developed to support the binder 
specification under the Strategic Highway Research Program (SHRP). The Ofice of Technology Applications 
(OTA) has five sets of asphalt cement testing equipment, plus one set for OTA and one set for FHWA's Research 
and Development. This equipment includes: 

- Bending beam rheometer with computer 

- Dynamic shear rheometer with wmputer 

- Pressure aging vessel 

- Direct tension tester with computer 

Brookfield viscometer 



Ruggedness and precisionhias data are being collected for the final specifications (a secondary but ve? 
important purpose of this project). OTA is working closely with the AASHTO Subcommittee on Materials to 
accomplish this expeditiously. 

STATUS : All equipment has been delivered and will continue to be loaned to States within each user-producer 
group. Fundmg also involves workshops (that include the user-producer group concept) and evaluation monies, 
as required. 

TECHNOLOGY TRANSFER AIDS : Equipment specifications, vendor list, and provisional test 
procedures. Binder technrcians are available for on-site training, three-day workshops, and telephone assistance. 

I 
i SHRP FIELD IMPLEMENTATION ASPHALT 

DESCRIPTION : T h s  project will provide technical assistance to the States in the local use of Superpave 
equipment provided under the pooled fund buy. A competitive contract was awarded to the Asphalt Institute for 
field engineers and technicians to assist the States. Assistance will include equipment setup, testing, test 
interpretation, local workshops, training in the design and construction of mixes, and guidance for the 
construction of Special Pavement Section (SPS) 9 design and construction. T h s  project will be closely integrated 
with LTPP. 

STATUS : The contract was be let in FY 1995 and will last for 3 to 5 years. 

TECHNOLOGY TRANSFER AIDS : On site training, field and telephone technical assistance. 

SHRP SUPERPAVE MODELS 

DESCRIPTION : This project will assist in completing the SHRP work on the model - that underpin 
SUPERPAVE. The effort will be completed through a competitive bid contract. The work will include software 
support, model documentation, and further refinement and documentation. The contract for technical assistance 
win be let in 1993 and operate for 3 to 4 years. 

STATUS : Procurement is on hold until the SHRP reports on the models are made available to include in 
procurement documents. 

GEORGIA LOADED WHEEL TESTER (LWT) 

DESCRIPTION : This project supports SHRP asphalt implementation efforts by evaluating innovative 
asphalt testing equipment. Products under consideration include the nuclear asphalt content gauge, indirect 
tensile test, moisture sensitivity tests, and most sipficantly, the Georgia Loaded Wheel Tester (LWT). While 
not bectly associated with SHRP, this project will finance additional evaluations of SHRP-developed products 
not specifically identified in the pooled fund buy. 

BACKGROUND : The Georga LWT was developed by Dr. Jim Lai at Georgia Tech, in cooperation with 



the Georga DOT. It is a quick, efficient, and inexpensive method for determining rut susceptibility of surface 
mixes. Georgia DOT has developed a specification that is used on all high-traffic roadway projects and other 
projects where rutting susceptibility is a concern. 

FHWA sponsored a round-robin test program with six State DOTS to evaluate the Georgia device, which was 
found to be repeatable and reproducible. A Work Order with Georgia DOT was issued by FHWA to modify the 
device to make it semiautomatic and controlled electronically. The modified device is capable of testing multiple 
samples at one time and handling 75 by 125 by 3 75 mm samples. The temperature and the hose pressure also 
are adjustable. 

A second round-robin test program is planned to evaluate the modified device. 

STATUS : Five States have evaluated the Georgia L WT and will report their findings during the next several 
years. Georgia Tech has upgraded several features of the LWT to make it semiautomatic and electronically 
controlled. This modified device is being tested currently. An Expert Task Group was assembled in late 1993 
as States completed their evaluations. Funding for thls project considers additional State evaluations of this and 
as yet undefined equipment and techniques that show promise. 

TECHNOLOGY TRANSFER AIDS : Equipment loans, field and telephone techcal  assistance. 

Asphalt Pavement Design and Construction 

The asphalt pavement design and construction technology group focuses on innovative techniques for design and 
construction of high performance asphalt pavements used in new construction, reconstruction, rehabilitation, 
restoration, or resurfacing. 

Since 1987, the Federal Highway Administration (FHWA) has supported the "Development of Performance- 
Related Speclfcations for Highway Construction" as one of its high priority research areas. Performance-related 
specifications (PRS) require materials and construction tests, the results of which correlate to a known degree 
with the performance of the completed product. A series of FHWA, National Cooperative Highway Research 
Program (NCHRP), and State Planning and Research (SP&R) studies have produced the initial framework and 
at least a partial system of PRS for hot mix asphalt pavement construction. 

The focus in the PRS is on quality control of construction selecting the best available materials and establishing 
the mix and pavement designs. PRS addresses three questions: 

- What quality control tests need to be run during construction to minimize premature fatigue 
cracking or rutting? 

- What is the impact on the subsequent performance of deviations from the target values of 
properties such as density or asphalt content, or both? 

- What payment adjustments are appropriate when such deviations are encountered? 

The focus of other projects under this technology group is to evaluate these specific technologies to determine 
the optimum procedure to achieve quality construction and high performance asphalt pavements. 
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TE-44 Electrochemical Chloride Extraction from Reinforced Concrete 
Structures 

DESCRIPTION : The objective of tlus project is to demonstrate and document the results established under 
the SHRP Study. A secondary objective is to work in conjunction with States, private sector, and academia to 
collect data on new structures protected using the chloride extraction method. Pilot projects will include 
installations on both the decks and substructures. 

BACKGROUND : Corrosion of reinforcing steel is recogmzed as one of the major contributors to the 
deterioration of remforced concrete structures, and the chloride ions that penetrate to the level of the reinforcing 
bars are a critical element in the corrosion process. One technique for dealing with this problem is chloride 
extraction. The electrochemical extraction of chloride from concrete structures is accomplished by applying an 
anode and an electrolyte to the concrete surface and passing direct current (DC) between the anode and the 
redorcing steel, which acts as a cathode. Since anions (negatively charged ions) migrate toward the anode, it 
is possible to cause the negatively charged chloride ions to migrate toward the anode and away from the steel. 
Chloride extraction is similar in principle to cathodic protection (CP). The major difference is in the magnitude 
of the current, which is about 100 to 500 times that used for cathodic protection. The total amount of charge 
(current time) applied for chloride extraction is about the same as a CP system would deliver over a period of 
about 10 years. The other important difference is that chloride extraction is a short-term treatment, whereas 
cathodic protection is normally intended to remain in operation for the life of the structure. 

PROJECT MANAGER : Donald R. Jackson, HTA-22, (202) 366-6770 

STATUS : A work order with V i r p a  and South Dakota Departments of Transportation to install and evaluate 
the electrochemical chloride extraction procedure was approved for a bridge canying 34th Street over 1-395 into 
Arhgton, Virgha, and a bridge in Sioux City, South Dakota. The procedure was installed on three sections of 
the Virginia deck and three piers of the South Dakota bridge in the early spring of 1995. The procedure was also 
installed on three substructure piers on a structure in Charlottesville, Virginia, in the Spring of 1995. 

Open houses were held for the Virguua and South Dakota installations in August 1995. The Open Houses were 
well attended. Ten States were represented at the Virgmia Open House, and five at the South Dakota Open 
House. The South Dakota Open House took place on August 9, 1995 in Sioux City. Fifty guests, representing 
Federal, State, academic and private sector organizations, attended each Open House. 
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